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ABSTRACT 
MULTI-PROTEIN DETECTION OF ENDOTHELIAL CELL INFLAMMATION 
AND SINGLE CELLS' HETEROGENEITY STUDY 
by 
Jingwen CHAI 
University of New Hampshire, September 2012 
Endothelial inflammation plays major roles in all phases of atherosclerotic 
process and both innate immunity and endothelial adhesion molecules contribute to 
endothelial inflammation. In this thesis, there are three main parts regarding the 
endothelial cell inflammation and multiple protein detection. In the first part, we applied 
multiple antibodies (Abs) to measure changes in expression levels of six proteins in 
response to inflammatory stimulation, and we observed different dynamic behaviors in 
them. In the second part, we applied emission fingerprinting technique provided by Zeiss 
LSM 510 META detector, and achieved the concurrent detection of ten proteins 
expressed on the same endothelial cell sample. In the third part, in order to reveal cell-
cell heterogeneity, we quantified the histograms of six proteins within a cell population, 
noise and noise strength of these protein histograms, and correlation coefficients of these 




1.1 Background of the study 
Cardiovascular diseases are the leading cause of death in the United States as well 
as in developing countries and atherosclerosis is the most widespread one of these 
diseases. Traditionally, atherosclerosis was viewed as a passive accumulation of lipids 
within artery walls. Today, atherosclerosis is recognized as a chronic low-grade 
inflammatory disease of the arterial wall and ultimately a thrombotic process, in which 
endothelial inflammation plays major roles in the initiation and progression of the 
atherosclerotic plaque [1,2]. 
Early atherosclerosis is characterized by endothelial dysfunction, which 
triggers inflammatory cell recruitment into the intima, a crucial step for the 
development of the cardiovascular disease [2-4]. Endothelial inflammation is central 
to the initiation and progression of atherosclerosis as these results in attraction and 
transmigration of circulating leukocytes into the arterial intima [24]. Under normal 
conditions, endothelial cells inhibit platelet and leukocyte adhesion to the vascular 
surface. Many risk factors can initiate an inflammatory response of endothelium 
monolayer [5,6], and as a consequence, activated endothelial cells present 
upregulated patterns of several types of leukocyte adhesion molecules at their 
surface. Such expression patterns change in response to inflammatory status and will 
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cause leukocyte rolling along the vascular surface, cell adhesion and tranmigration 
at the site of activation [7]. 
1.2 Multiple-protein detection 
It is becoming clear that single biological measurement is not capable of 
truly characterizing even the simplest systems. The level of complexity, with 
numerous variables acting at the same time, requires multi-parametric and dynamic 
investigation of a large number of cells. Multiplexed study will provide quantitative 
correlations or inter-relationships among multiple cellular components and 
molecular markers within a protein network or family in biological processes. The 
behavior of system of proteins can be understood comprehensively only by treating 
the network as a whole. The spatiotemporal dynamics of key proteins were 
demonstrated to be crucial for many cell decisions such as proliferation, apoptosis, 
and differentiation [8]. Simultaneously measuring multiple cellular components, 
such as proteins, is also crucial to clinical diagnoses and multidimensional drug 
profiling [9,10]. 
1.2.1 Proteins picked in the study 
The endothelium is one of the first lines of defense against inflammatory 
stimulation, and actively participates in innate immune responses by activating toll-like 
receptor (TLR) proteins. TNF-a (tumor necrosis factor-a) is a potent activator of cells of 
the immune and inflammatory systems including endothelial cells. In our study, we chose 
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TLR2 and TLR4 as target proteins representing innate immunity in the endothelium. 
TLR2 is crucial for an inflammatory response to such stimuli as bacteria and other 
infectious pathogens [11]. TLR4 is a key regulator of both innate and adaptive immune 
responses [12]. The endothelium expresses low levels of TLR2 and TLR4 in normal 
arteries [13]. Our experimental data indicate that activation of the endothelium in 
response to inflammatory stimulation is mediated in part by TLRs. 
Cell adhesion molecules (CAMs) are implicated in many inflammatory diseases, 
and are crucial mediators in the various steps of leukocyte recruitment [3,4]. Different 
subsets of adhesion molecules have been shown to be responsible for leukocyte rolling 
and arrest on the vascular endothelium by modulating CAM expression on the surface of 
both the endothelial cells and the circulating leukocytes [14], as shown in Figure 1.1. 
Initial capture and rolling of leukocytes is mediated predominantly by the transient 
interaction of selectin molecules present on both leukocytes (L-selectin) and endothelial 
cells (P-selectin and E-selectin) [15]. In response to inflammatory stimuli, P-selectin 
(CD62P) is quickly translocated to the cell surface and binding of P-selectin is crucial for 
the rolling of leukocytes at sites of inflammation [16]. E-selectin (CD62E) is not 
expressed under normal physiological conditions, but is synthesized and exported on the 
endothelial cell surface in inflammatory situations [17]. Subsequent firm adhesion and 
transmigration of leukocytes into the vessel wall are then achieved by tight interactions 
between intercellular adhesion molecules such as ICAM1 (CD54), ICAM3 (CD50), and 
vascular cell adhesion moleculel (VCAM1 or CD106), and platelet endothelial cell 
adhesion moleculel (PECAM1 or CD31) expressed on endothelial cells and their 
- 3 -
counter-receptors on lymphocytes [3,4,14,17-19]. Receptor for advanced glycation end 
products (RAGE) plays an important role in inflammatory processes and endothelial 
activation, likely to accelerate the processes of atherosclerosis [20]. Pro-inflammatory 
(inflammation promoting) transcription factor nuclear factor kappa-light-chain-enhancer 
of activated B cells (NF-tcB) is a protein complex that controls the transcription of DNA, 
and plays a key role in regulating the immune response to endothelial inflammation [21]. 
I >Cliemokinosl 
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Figure 1.1 Different subsets of adhesion molecules have been shown to be 
responsible for leukocyte rolling and arrest on the vascular endothelium by 
modulating CAM expression on the surface of both the endothelial cells and the 
circulating leukocytes [3,4]. 
1.2.2 The technique used to detect multiple proteins 
Although conventional molecular biological, genetic, and proteomics approaches 
are important for identifying and characterizing protein-protein interactions, microscopy 
4 -
is better able to characterize the structure and dynamics of biomolecules in the context of 
live cells [22]. 
One of the major advantages of fluorescence microscopy is its capacity for 
multicolor imaging. This approach is essential for exploring the interactions between bio­
molecules and could provide invaluable insights into biological processes. This technique 
can visualize the relative organization and interactions between different biological 
structures or molecules through the co-localization of differently colored probes [23,24]. 
Although conventional molecular biological, genetic and proteomics approaches are 
important for identifying and characterizing protein-protein interactions, only microscopy 
has the potential to characterize the structure and dynamics of bio-molecules in the 
context of live cells. Therefore, fluorescence microscopy is capable of obtaining time-
resolved imaging of live organisms [22,23]. Fluorescence microscopy with appropriate 
probes has the capability to quantify essentially any physiological changes that occur at 
the single-cell level, and therefore is capable of extracting a richer set of features than 
flow cytometry. Fluorescence microscopy can reveal single-cell phenotypes with time-
lapse imaging [25] and thus provides an alternative to multiplexed live single-cell assay. 
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Chapter 2 
QUANTITATIVE AND MULTIPLEXED STUDY OF 
ENDOTHELIAL CELL INFLAMMATION 
2.1 Introduction 
Innate immunity is the first-line host defense of multicellular organisms. 
Activation of the innate immune system is important for inducing an inflammatory 
process. Innate immunities involve the activation of pattern-recognition receptors 
(PRRs). A family of toll-like receptors (TLRs) has been defined as the major signal-
generating PRRs which play a major role in pathogen recognition, initiation of 
inflammation, coordination of innate immunity, and shaping of adaptive immunity [26]. 
There is growing evidence to support an association between TLRs and atherosclerotic 
lesion development. Thus, TLRs on circulating white blood cells (leukocytes) could act 
as sensors and messengers reflecting the state of atherosclerotic disease. This concept 
was supported by previous observations [27]. 
Endothelial inflammation is central to the initiation and progression of 
atherosclerosis as these results in attraction and transmigration of circulating leukocytes 
into the arterial intima [2]. The endothelium is one of the first lines of defense against 
inflammatory stimulation, and actively participates in innate immune responses by 
activating TLR proteins. TNF-a is a potent activator of cells of the immune and 
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inflammatory systems including endothelial cells. In our study, we chose TLR2 and 
TLR4 as target proteins representing innate immunity in the endothelium. TLR2 is 
crucial for the propagation of an inflammatory response to such stimuli as bacteria and 
other infectious pathogens [11]. TLR4 is a key regulator of both innate and adaptive 
immune responses [12]. The endothelium expresses low levels of TLR2 and TLR4 in 
normal arteries [13]. Our experimental data indicate that activation of the endothelium in 
response to inflammatory stimulation is mediated in part by TLRs. 
Endothelial inflammation plays major roles in all phases of the atherosclerotic 
process. Under normal circumstances, the endothelial monolayer in contact with flowing 
blood resists firm adhesion of circulating leukocytes. However, pro-inflammatory stimuli, 
such as an atherogenic diet, hypercholesterolemia, obesity, and hyperglycemia, induce 
the activation of the endothelium by up-regulating several adhesion molecules, including 
the leukocyte adhesion molecules vascular cell-adhesion molecule-1 (VCAM-1), 
intercellular adhesion molecule-1 (ICAM-1), E-selectin, and P-selectin . These adhesion 
molecules can bind to appropriate receptors on circulating leukocytes such as monocytes 
and T-lymphocytes, thereby promoting recruitment of leukocytes and their endothelial 
transmigration [3]. 
ICAM-1 and VCAM-1 are members of the immunoglobulin superfamily, and 
critical in the inflammation pathway. E-selectin and P-selectin are cell adhesion 
molecules expressed on endothelial cells especially during an inflammatory response to 
such stimuli as cytokines. ICAM-1, VCAM-1, E-selectin and P-selectin are constitutively 
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expressed in endothelial cells, but their expression level increases in response to pro­
inflammatory stimuli. Their interactions with receptors on circulating leukocytes result in 
firm adhesion and transmigration of leukocytes into the basement membrane of the 
vasculature. Adhesion molecule expression and functionality are tightly controlled, 
mediating the adhesive interactions between leukocytes and the endothelium in a 
sequential cascade (rolling, firm adhesion, and diapedesis). Initial capture and rolling of 
leukocytes is mediated predominantly by the transient interaction of selectin molecules 
present on both leukocytes (L-selectin) and endothelial cells (P-selectin and E-selectin). 
Rolling adhesion can also be mediated by low-affinity interactions between leukocytes 
and VCAM-1 on endothelial cells. Firm adhesion is then achieved by tight interactions 
between ICAM-1 and VCAM-1 expressed on endothelial cells and their counter-
receptors on lymphocytes [19]. 
It is becoming clear that single biological measurements are not capable of truly 
characterizing even the simplest systems. Proteins constitutively function within 
networks, pathways, complexes and families [28,29]. The activity of an individual 
protein depends not only on its abundance but also on the availability of other network 
components. To understand complex molecular outcomes, it is necessary to determine 
how individual parts are integrated in time and space to form complex, dynamic cellular 
functions. Multiplexed detection will provide quantitative data describing correlations or 
inter-relationships among multiple cellular components and molecular markers within a 
protein network or family. Simultaneously measuring multiple cellular components, such 
as proteins, is also crucial to clinical diagnoses and multidimensional drug profiling. 
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Fluorescence microscopy with appropriate probes can quantify essentially any 
physiological change at the single-cell level. The objective of this work was to develop a 
method for quantitative and multiplexed characterization of multiple proteins in response 
to environmental stimulation. To create a multiplexed assay, we used fluorophore-
conjugated monoclonal antibodies (mAbs). The usefulness of mAbs stems from three 
characteristics—specificity of binding, homogeneity, and ability to be produced in 
unlimited quantities. And by using multiple fluorophores with different spectral 
properties, fluorophore-conjugated primary mAbs can be applied to the detection of 
multiple proteins. An in vitro endothelial inflammation model system was used to 
achieve this goal. 
2.2 Experiment materials and methods 
2.2.1 Chemicals 
Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS), 
phosphate-buffered saline (PBS), 100X penicillin-streptomycin stock solution, and 0.5% 
trypsin-0.02%EDTA stock solution were obtained from Sigma-Aldrich Chemicals (St. 
Louis, MO). Fluorescently-conjugated mAbs used for immunofluorescence were R-
phycoerythrin (PE) anti-human CD284 (TLR4), Alexa Fluor (AF) 488 anti-human 
CD282 (TLR2), AF 647 anti-human CD62P (P-selectin), PE anti-human CD62E (E-
selectin), AF 488 anti-human CD 106 (VCAM-1), and AF 647 anti-human CD54 (ICAM-
1) (BioLegend, San Diego, CA). Nuclei were stained with 4',6-diamidino-2-phenylindole 
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(DAPI) contained in the ProLong Gold antifade mounting medium purchased from 
Invitrogen (Carlsbad, CA). 
2.2.2 Human aortic endothelial cell culture 
Human aortic endothelial cells (HAECs) (provided by Dr. Mike Liu from 
Dartmouth College) were cultured in DMEM, 25mM HEPES, 10-20% FBS, 1-2% 
penicillin-streptomycin, and 3.0 g/L sodium bicarbonate (NaHCC^) in an incubator at 
37°C with 5% CO2 and 95% humidity. 
2.2.3 Multiplexed immunofluorescence staining 
HAEC cells were cultured to confluence in a 16-well Lab-Tek chamber (Nunc, 
Thermo Fisher Scientific, Rochester, NY), and settled to quiescence using cell culture 
medium with 1% FBS overnight. After stimulating the cells by adding tumor necrosis 
factor-a (TNF-a) (10 ng/ml) to the cell culture medium for various periods (1-24 hr), they 
were washed three times with PBS, fixed (Fixation preserves a sample of cells as close to 
its natural state as possible in the process of preparing tissue for examination) with 70% 
ethanol for 15 min at room temperature, and washed three times with PBS. Fixed HAEC 
cells were blocked (to prevent non-specific binding) and permeabilized (PBS/1% 
FBS/0.2% Triton X-100) for 30 minutes at 37°C. Fluorescently-labeled primary mAbs 
were added to the cells and incubated 1 hr at 37°C in the sequence of AF488, PE and 
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AF647, followed by washing three times with both PBST (PBS/0.2% Triton X-100) and 
PBS. Cells were mounted in ProLong Gold, covered with #1.5 cover slips, and sealed 
with nail polish. Fluorescence and differential interference contrast (DIC) images were 
acquired using a Zeiss LSM 510 Meta laser scanning confocal microscope. 
2.2.4 Mean fluorescent intensity (MFI) measurements 
MFI (the mean of the fluorescence intensity in the fluorescence channel that is 
chosen) measurements were made from six independent fields of cells imaged using the 
40X oil emission objective lens. 150-200 cells were outlined and the average MFI within 
the area of those cells were measured using the LSM 510 software within three channels 
(one channel per fluorophore-conjugated mAb). 
2.3 Results 
2.3.1 Autofluorescence and specificity of mAb binding 
To evaluate the contribution of autofluorescence to the fluorescence images, we 
imaged HAECs without any immunostaining. A representative image of autofluorescence 
is shown in Fig 2.1 A (produced with the PE acquisition parameters), in which 
fluorescence is essentially restricted to DAPI staining of nuclei, indicating that 
autofluorescence was not a significant source of fluorescence. We checked the 
autofluorescence using the acquisition conditions for each of the fluorophores (AF488, 
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AF647, and PE) and no significant autofluorescence was seen at any of the wavelength 
ranges monitored. 
Figure 2.1 (A) Autofluorescence (red) and DAPI (nuclei, blue) image of human aortic 
endothelial cells (HAECs). (B) DIC image of HAECs. 
2.3.2 Optimum concentrations of mAbs 
The fluorophore conjugated to a mAb was selected to minimize both background 
staining with our confocal system and spectral overlap with other fluorophore-conjugated 
mAbs. High background staining can also result from the non-specific binding of a 
fluorescent conjugate to cellular elements, which occurs when the Ab concentration is too 
high. This problem can be avoided by titrating the Ab, as done here, to obtain optimal 
staining concentrations (Fig 2.2,2.3). 
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Figure 2.2 Optimum concentrations of fluorophore-conjugated antibodies (CD62P-
AF647). HAECs were cultured post-confluence, made quiescent overnight, and stained 
with AF647-conjugated Ab for P-selectin (red) and DAPI (blue) for nuclei. Fluorescence 
images, obtained with four different Ab concentrations (2, 5, 10, IS ng/ml), are shown 
from unstimulated cells and from cells stimulated for 1 hr with TNF- a. The right side of 
each pair of images shows the corresponding DIC image. 
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Figure 2.3 Optimum concentrations of fluorophore-conjugated antibodies. Ratio of mean 
fluorescence intensity (MFI) from TNF-a stimulated cell sample to MFI from 
unstimulated cell sample, plotted as a function of fluorophore-conjugated Ab 
concentration, as determined using images like those shown in Figure 2.2. 
From such plots the maximal MFI ratio of stimulated (TNF-a treated) to non-
stimulated HAECs was observed at a mAb concentration of < 5 ug/ml, with higher mAb 
concentrations yielding lower MFI ratios (Fig 2.3) due to higher non-specific binding. 
The MFIs obtained with PE and AF647 were comparable and higher than that of AF488. 
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Thus, we chose to use concentrations of 2 ug/ml for PE- and AF647-conjugated mAbs 
and 5 ug/ml for AF488-conjugated mAbs. 
2.3.3 Quantitative and multiplexed protein detection to characterize dynamic 
responses by HAECs to inflammatory stimulation 
Post-confluent HAECs (cultured 2-weeks after confluence) mimic the 
physiological status of the endothelium monolayer in vivo, which expresses low levels of 
TLRs and adhesion molecules (Fig. 2.4A). TNF-a treatment mimics inflammatory 
stimulation to the endothelium. We observed increased expression of TLR2, TLR4, 
VCAM-1, ICAM-1, E-selectin and P-selectin in TNF-a treated HAECs using 
immunofluorescence staining (Fig. 2.4B shows representative examples for VCAM-1, 
ICAM-1, and E-selectin). 




Figure 2.4 Multiple protein detection in HAECs. VCAM-1, ICAM-1, and E-selectin, as 
visualized by immunofluorescence staining, DAPI-stained nuclei, and DIC images from a 
quiescent HAEC preparation (A) and from a TNF-a stimulated HAEC preparation (B). 
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We quantified protein expression levels in quiescent HAECs and in HAECs 
stimulated for various time periods with TNF- a. Figs 2.5 shows the effects of 
inflammatory stimulation on expression of TLR2 (A), P-selectin (B), TLR4 (C), E-
selectin (D), ICAM-1 (E), and VCAM-1 (F). HAECs were cultured until post-confluent 
and made quiescent with 1% FBS cell culture medium overnight. They were then 
stimulated with 10 ng/ml TNF- a for different incubation times (0,1,2,4,8,12,18,24 
h). Results are expressed as the ratio of mean fluorescence intensity (MFI) of stimulated 
cells over the MFI of unstimulated cells. By simultaneously applying three fluorophore-
conjugated mAbs, the six proteins were quantified for each replicate of each experimental 
condition from two cell preparations. 
Figure 2.5A shows the dynamic profile of expression for TLR2 over time (The y 
coordinate in Figures 2.5, folder change, represents the MFI ratio of stimulated samples 
verses the unstimulated one). Unstimulated HAECs exhibited relatively low expression 
of TLR2 that was up-regulated significantly an average of 18 after 1 hr of TNF- a 
treatment and reached peak value after 4 hr of TNF-a treatment (about 48% increase). By 
8 hr, mean TLR2 expression had declined slightly but significantly, after which there was 
no significant change out to 24 hr. 
Expression of P-selectin (Figure 2.5B) showed similar behavior to TLR2. TNF-
stimulation yielded the highest P-selectin expression around 4 h post-treatment, followed 
by a slight reduction out to 24 hr. 
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Expression of TLR4 (Figure 2.5C) and E-selectin (Figure 2.5D) shows relative 
more sustained effects upon inflammatory stimulations. Protein expression levels of 
TLR4 and E-selectin increase with increase stimulatory time. For protein TLR4, 
compared to the controls: 24% increases at 1 hr, 47% increases at 4 hr, and continue to 
58% increase at 24 hr. For protein E-selectin, compared to the controls: 5% increases at 1 
hr, 29% increases at 4 hr, and continue to 47% increases at 24 hr. Statistic analysis show 
that there are significantly statistic differences among the different stimulation time 
points and the control for both proteins. 
TNF-a treatment stimulated expression of ICAM-1 (Fig 2.5E) and VCAM-1 (Fig 
2.5F) to a greater extent than the other four proteins, with a maximum increase for 
ICAM-1 at 24 hr of 212% and a maximum increase of 189% for VCAM-1, likewise at 24 
hr. 
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Figure 2.5 A Effects of inflammatory stimulation on expression of TLR2 
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Figure 2.5E Effects of inflammatory stimulation on protein expression of ICAM-1 
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Figure 2.5F Effects of inflammatory stimulation on protein expression of VCAM-1 
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2.4 Discussion 
Our dynamic experimental data suggest that the endothelium initiates a series of 
defense mechanisms following inflammatory stimulation by activating the innate immune 
system and endothelium adhesion molecule, like earlier activation of TLR2 and P-
selectin. As an inflammatory response develops, inflammatory mediators act on the local 
blood vessels, inducing increased expression of endothelial cell adhesion molecules 
including VCAM-1, ICAM-1, and E-selectin. The vascular endothelium is then said to be 
activated or inflamed. Up-regulated E-selectin and P-selectin on the endothelium bind to 
circulating leukocytes and mediate the rolling of leukocytes so that they are not swept 
away by the flowing blood. Then the up-regulated VCAM-1 and ICAM-1 on the 
endothelium arrest and adhere leukocytes firmly to the endothelium and contribute to 
leukocyte migration into the inflamed tissues. 
Based on the response dynamics and longevity of the effect, three types of 
enhanced protein expression responses were observed. Type I was characterized by a fast 
response, reaching peak expression levels by around 4 h post-treatment, followed by a 
slight decline. This response was observed for TLR2 and P-selectin and suggests that 
these proteins are more likely to contribute to an innate immune activation of HAEC cells 
in the early stages of an inflammatory response, including in the initial recruitment of 
leukocytes and the up-regulation of such endothelial adhesion molecules as ICAM-1, 
VCAM-1, and E-selectin in HAEC cells. 
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Type II was similar to Type I but marked by a greater tendency for protein 
expression to increase with stimulatory time, though the increase beyond 4 hr of 
stimulation was not substantial. This response was exhibited by TLR4 and E-selectin and 
is consistent with these proteins being involved in the initial capture and rolling of 
leukocytes. 
Type III proteins also showed increased expression with stimulatory time but with 
clearly greater consistency and magnitude. ICAM-1 and VCAM-1 exhibited these 
dynamics, consistent with their involvement in such late stage inflammatory responses as 
firm adhesion of leukocytes and transendothelial migration. 
Our multiplexed protein detection demonstrates that different proteins exhibit 
different expression patterns as a function of time, providing a possible means for 
correlating quantitative expression patterns from multiple proteins with inflammation 
status. Thus, dynamic immune profiling of multiple proteins may have potential as a 
biosensor for pre-symptomatic diagnosis of cardiovascular disease. Moreover, it can 
provide researchers with insights into interactions taking place within the protein network 
involved in complex endothelial inflammation. 
Our data suggest that endothelial cells are involved at the earliest stages of the 
immune response. The observations underline the importance of the vascular 
endothelium as an integral component of the innate immune response. Up-regulation of 
TLR2 and TLR4 in vascular endothelium in response to inflammatory stimuli such as 
TNF-a may have important implications in host defenses against mycobacterial, 
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spirochetal, and other bacterial infections by rendering these cells more sensitive to 
microbial ligands bound by TLR2 and TLR4. This study provides a basis for 
investigations of the functional consequences of TLR2 and TLR4 up-regulation in 
endothelial cells as induced by various inflammatory mediators. 
Direct conjugation of fluorophores to primary Abs is especially useful when 
injecting Abs into live cells. This method can be applied to detecting vascular 
inflammation by visualizing phenotypic changes (endothelium inflammation markers like 
TLRs, ICAM-1, VCAM-1, E-selectin, and P-selectin) in vivo and clinically for early 
identification of individuals predisposed to severe atherosclerosis to better ascertain risk 
for adverse events. This approach can also be used to quantitatively measure drug effects 
on endothelial inflammation. Multiplexed protein detection can provide more 
comprehensive information for the in vivo and clinical monitoring of endothelial 
inflammation. 
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Chapter 3 
MULTI-SPECTRAL CONCURRENT DETECTION OF MULTIPLE PROTEINS 
3.1 Introduction 
Proteins are organized into extensive networks that allow cells to respond 
and adapt to their environment. The activity of an individual protein depends on not 
only its abundance but also the interacting networks. It is becoming clear that single 
biological measurements are not capable of truly characterizing even the simplest 
systems. Proteins constitutively function within networks, pathways, complexes and 
families [28,29]. The activity of an individual protein depends not only on its 
quantity but also on the interacting networks. To understand complex molecular 
outcomes, it is necessary to determine how individual parts are integrated in time 
and space to form complex, dynamic cellular functions. The level of complexity, 
with numerous variables acting at the same time, requires multi-parametric and 
dynamic investigation of large number of single cells. Multiplexed detection will 
provide quantitative correlations or inter-relationships among multiple cellular 
components and molecular markers within a protein network or family in biological 
processes. Simultaneously measuring multiple cellular components, such as 
proteins, is also crucial to clinical diagnoses and multidimensional drug profiling [9, 
10]. For example, profiling protein signatures, through the simultaneous 
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measurement of multiple biomarkers from a single cellular sample, will permit 
molecular disease fingerprinting. 
The staining of cells with multiple labels is still a technical challenge [30], while 
multiplexed assays are complicated by spectral emission overlaps and measurement 
errors [31]. This technique challenge sets an upper limit of three [32] on the number of 
biomarkers that can be imaged and analyzed simultaneously per multiplexing assay when 
using traditional fluorescence microscopy. Traditionally, separation of fluorescence 
emission has been achieved by assigning a spectral band to each fluorescent species. This 
is commonly realized by using a set of optical bandpass filters to select the individual 
emissions. This approach is applicable when the emission spectra of the different dyes do 
not overlap in the selected wavelength ranges. In practice, the fluorophores available are 
not always distinct enough to choose filter combinations that will eliminate overlap. Even 
in simple systems with two or three fluorophores, crosstalks between emission channels 
may limit the ability to distinguish the signals. In many cases, such overlap of emissions 
requires the selection of narrower bands within the emission spectra for detection. As a 
result, significant part of the light is discarded and a severe reduction in signal intensity 
of interest signals. Furthermore, as new fluorophores are developed, they may not 
conform to the requirements of standard filter sets. For example, many fluorophores, such 
as the fluorescent proteins, have excitation and emission curves that closely overlap and 
will never be separated by purely physical means. Thus, it is necessary to develop new 
strategies for multiplexed fluorescence imaging. 
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A couple of new techniques have been developed for multicolor imaging which is 
capable of separating the fluorescence contribution from multiple fluorophores that 
overlap spectrally and spatially. Among these techniques, a hyperspectral imaging system 
is designed to collect an entire spectrum at each image pixel and uses mathematical 
modeling known as spectral unmixing methods to determine images of the emissions 
from the underlying individual fluorescent components [33-39]. Recording the complete 
emission spectra by lambda stack acquisition, and subsequently separating these spectra 
using mathematical algorithms, provides an alternative approach for concurrent detection 
of multiple proteins. Spectral imagers have emerged as new tools for acquiring lambda 
stacks using both wide-field and laser scanning microscopy [40-42]. The LSM 510 
META (Carl Zeiss, Germany) combines all the capabilities of the existing LSM 510 with 
a fast, sensitive, and reliable spectral imager, including robust linear unmixing functions 
integrated into the standard LSM system software. Zeiss LSM510 META uses a gating or 
prism as an optical diffractive or spectral dispersion element to splits the fluorescent light 
that has passed the confocal pinhole into its spectral components based on wavelength. 
Point measurement of fluorescence separated by a grating or prism generates a linear 
array of spectral components. These signals are projected onto a multi-channel detector 
consisting of 32 photo-multiplier tube (PMT) collecting photons in 5-12-nm bands across 
the whole visible spectrum (Fig 3.1 A). Point measurement is repeated pixel by pixel 
during laser scanning to generate a set of two-dimensional images along the wavelength. 
Parallel recording of the signals detected by these simultaneously illuminated elements 
results in a lambda stack (or a series thereof) representing the complete spectral 
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distribution of the fluorescence signals for every point of the confocal microscopic image 
(Fig 3.IB). Separation of the fluorescence emissions is achieved using spectral signatures 
of individual fluorophores. The linear unmixing function separates the mixed emission 
spectrum signals pixel by pixel, using previously acquired reference emission spectra of 
each of the fluorophores in the specimen (Fig 3.1C). Linear mixing assumes the spectrum 
of each pixel is a linear admixture of a set of target spectra. This approach uses an inverse 
least square approach to extract the relative amounts of each species for which a target 
spectrum is available. The result is a multi-channel image with every channel 
representing the quantitative distribution of an individual fluorophore for every voxel in 
the image. The META detector provided by LSM 510 confocal microscope is designed 
to sample emissions over the whole visible spectrum, any fluorophore emission in this 
range can be collected by electronic activation of the corresponding detector elements. As 
a result, even severely overlapped emission spectra, for instance those of GFP and FITC, 
can be reliably separated, while broadband autofluorescence is eliminated [37]. The LSM 
510 META with linear unmixing can be used to go beyond what can be achieved with 
physical separation and can be used to characterize samples containing co-localized 
spectrally overlapping fluorophores. 
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Figure 3.1 The principle of emission fingerprinting. (A) Schematic design of the META 
spectral detector. A grating is used to separate emission photons based on wavelength. A 
32-channel photomultiplier tube (PMT) array collects the dispersed output in 5-12-nm 
bands across the visible spectrum. (B) Schematic representation of a lambda stack. The x-
y images are taken at several different wavelengths (Xi-Xm) within a single focal plane. 
The average intensity (I) versus the wavelength (A.) can be plotted to reveal the 
fluorescence emission spectrum of the fluorophore in the image. (C) Spectrally mixed 
pixels combine emission spectra to yield an observed spectrum that is a linear sum of the 
components, weighted by their local concentration. This figure illustrates two examples 
of similarly summed spectra that cannot be unraveled using filters. It is a linear algebra 
problem to determine the relative contributions of each fluorophore within the summed 
emission spectrum. 
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3.2 Experiment materials and methods 
3.2.1 Chemicals 
Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS), 
phosphate-buffered saline (PBS), 100X penicillin-streptomycin stock solution, and 0.5% 
trypsin-0.02%EDTA stock solution were obtained from Sigma-Aldrich Chemicals (St. 
Louis, MO). Purified anti-human antibodies reactive to ten proteins of TLR2, TLR4, 
RAGE, ICAM3, PECAMl, VCAMl, NF-KB, E-selectin, P-selectin, and ICAMl were all 
purchased from Biolegend (San Diego, CA). Commercially available fluorescent-
conjugated monoclonal antibodies used for immunofluorescence were R-Phycoerythrin 
(PE) anti-human TLR4, Alexa Fluor 488 anti-human TLR2, Alexa Fluor 647 anti-human 
P-selectin, were also purchased from Biolegend (San Diego, CA). Zenon Alexa Fluor 
(AF) 546, AF555, AF568, AF594, AF660, AF680 and AF 700 labeling kits were 
purchased from Invitrogen (Carlsbad, CA). Nuclei were stained with 4',6-diamidino-2-
phenylindole (DAPI) contained in the ProLong Gold antifade mounting medium 
purchased from Invitrogen (Carlsbad, CA). 
3.2.2 Human aortic endothelial cell culture 
Human aortic endothelial cells (HAECs) were cultured in DMEM, 25mM 
HEPES, 10-20% FBS, 1-2% penicillin-streptomycin, and 3.0 g/L sodium bicarbonate 
(NaHCOs) in an incubator at 37°C with 5% CO2 and 95% humidity. 
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3.2.3 Customer-conjugation of purified antibodies 
Purified anti-human antibodies reactive to proteins of ICAM3, RAGE, PECAMl, 
VCAMl, ICAMl, NF-KB, and E-selectin were customer-conjugated to AF546, AF555, 
AF568, AF594, AF660, AF680, and AF700 respectively using Zenon labeling kits. The 
customer-conjugation follows the manufacturer's instruction. 
3.2.4 Multiplexed immunofluorescence staining 
HAEC cells (provided by Dr. Mike Liu from Dartmouth College) were cultured to 
confluence in a 16-well Lab-Tek chamber (Nunc, Thermo Fisher Scientific, Rochester, 
NY), and settled to quiescence using cell culture medium with 1% FBS overnight. After 
stimulating the cells by adding tumor necrosis factor-a (TNF-a) (10 ng/ml) to the cell 
culture medium for various periods (1-24 hr), they were washed three times with PBS, 
fixed with 70% ethanol for 15 min at room temperature, and washed three times with 
PBS. Fixed HAEC cells were blocked and permeabilized (PBS/1% FBS/0.2% Triton X-
100) for 30 minutes at 37°C. Fluorescently-labeled primary mAbs were added to the cells 
and incubated 1 hr at 37°C, followed by washing three times with both PBST (PBS/0.2% 
Triton X-100) and PBS. Cells were mounted in ProLong Gold, covered with #1.5 cover 
slips, and sealed with nail polish. Fluorescence images were acquired using a Zeiss LSM 
510 Meta laser scanning confocal microscope. 
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3.2.5 Preparing poly-Iysine glass slides 
Poly-L-lysine slides were prepared according to published protocols available 
online (http://cat.ucsf.edu/pdfs/PolylysineSlides.pdf). Briefly, 3"xl" glass slides 
(Corning) were cleaned in 2.5 M NaOH in 60% ethanol for 2 hr. After thoroughly 
washing with deionized water, slides were submerged in 0.001% poly-L-lysine solution 
(diluted in O.lxPBS) for 1 hr. Coated slides were further washed with water, dried, and 
stored in a desiccator until use. 
3.2.6 Reference spectrum 
Reference spectrums were obtained by depositing pure fluorophore-conjugated 
Abs at concentration of 500 ug/ml on ploy-L-lysine coated glass slides and scanned in 
lambda mode for reference spectrums of individual fluorophores. 
3.2.7 Cross-reactivity of monoclonal antibody (mAb) 
Two recombinant proteins, among them the monoclonal antibody (mAb) is 
reactive to one but not the other one, were deposited onto a poly-L-lysine slide at 37"C 
for 1 hr. Then, the monoclonal antibody (mAb) will be applied onto these two 
recombinant protein spots and following the immunostaining procedure as described in 
immunostaining the proteins expressed on HAECs. 
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3.3 Results 
3.3.1 Single protein detection by conventional band-filter technology 
Cells were individually immunostained with specific fluorophore-conjugated 
mAb reactive to the particular protein target and scanned with LSM 510 confocal 
microscope in channel mode in which single laser irradiated the single probe. In channel 
mode, each channel represented one color. The obtained image contained the fluorescent 
signal that characterized that particular protein. Figure 3.2 showed the individual ten 
proteins detected by this conventional filter technology-channel mode. 
NF-KB 
ICAM1 VCAM1 E-selectin ICAM3 M3E 
Figure 3.2 Single protein detection by conventional band-filter technology. Abs reactive 
to ten proteins designed as: TLR2-AF488 (Dartmouth Green), TLR4-PE (Red), P-
selectin-AF647 (Orange), NF-KB-AF680 (Violet), PECAMl-AF568 (Cyan), ICAM1-
AF660 (Brown), VCAMl-AF594 (Olive), E-selectin-AF700 (Taupe), ICAM3-AF546 
(Purple), and RAGE-AF555 (Fandango), and scanned with LSM 510 confocal 
microscope using channel mode in which single laser irradiates the single probe. The 
nucleus (blue color) was stained with DAPI. The scale bar is 10 um. 
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3.3.2 Reference spectrum 
We collected reference spectrums for all of the fluorophore-conjugated mAb, 
shown in Figure 3.3. The reference spectrum was determined by the spectral properties of 
the respective fluorophore and was independent of its concentration. The reference 
spectrums were used to assemble a matrix of fluorophore specific weighting factors in 
unmixing function, which was subsequently used to determine the contribution of each 
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Figure 3.3 Reference spectrums for all of the fluorescent entities. (A) Reference spectrum 
of AF488 (yellow brown) and PE (light blue). (B) Reference spectrum of AF546 (red 
brown), AF555 (green), PE (yellow brown), AF568 (blue), and AF594 (purple). (C) 
Reference spectrum of AF680 (red brown), AF700 (green), AF647 (bright blue), and 
AF660 (purple). 
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3.3.3 Multispectral imaging of multiple proteins and linear unmixing 
Multispectral images were collected as a set of two-dimensional images as a 
function of wavelength (Figure 3.4). 
(B) 
Figure 3.4 Multispectral images collected as a set of two-dimensional images as a 
function of wavelength. (A) Multispectral images collected from laser 543nm. 
(B) Multispectral images collected from laser 633nm. The scale bar is 10 um. 
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This example showed fixed HAEC cells that were stained with P-selectin-AF647 
(Orange), TLR4-PE (Red), and TLR2-AF488 (Dartmouth Green) which have 
fluorescence spectra well separated by optical bandpass filters. The separation of 




Figure 3.5 Concurrent three protein detection using emission fingerprinting technique. 
HAEC cells were stained with P-selectin-AF647 (Orange), TLR4-PE (Red), and TLR2-
AF488 (Dartmouth green), and scanned with LSM 510 in lambda mode in which laser 
488nm irradiates TLR2-AF488 protein, laser 543nm irradiates TLR4-PE protein, laser 
633nm irradiates P-selectin-AF647 simultaneously. The separation of concurrent three-
protein detection was achieved using unmixing function in lambda mode. The merged 
image is the combined fluorescence signals of P-selectin-AF647, TLR4-PE, and TLR2-
AF488. The scale bar is 10 urn. 
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Based on the concurrent detection of three proteins, we applied fluorophores of 
AF488, PE, AF647, and AF660 to conjugate proteins of TLR2, TLR4, P-selectin, and 
ICAMl respectively. Fluorophores of AF488 conjugated TLR2 and PE conjugated TLR4 
were irradiated by laser 488 nm. Fluorophores of AF647 conjugated P-selectin and 
AF660 conjugated ICAMl were irradiated by laser 543 nm. Spectral overlaps between 
fluorescent dyes of AF488, PE, AF647, and AF660 were separated into spectra of each 
fluorophore by the linear unmixing algorithm as shown in Figure 3.6. 
P-selectin TLR4 
Figure 3.6 Concurrent four protein detection using emission fingerprinting technique. 
HAEC cells were stained with TLR4-PE (Red), TLR2-AF488 (Dartmouth green), P-
selectin-AF647 (Orange), and ICAMl-AF660 (Brown). The same cell sample was 
scanned with LSM 510 in lambda mode in which laser 488nm irradiates TLR4-PE and 
TLR2-AF488 proteins, laser 633nm irradiates P-selectin-AF647 and ICAMl-AF660 
proteins simultaneously. Spectral overlaps between fluorescent dyes of PE, AF488, 
AF647, and AF660 were separated into spectra of each fluorophore by linear unmixing 
algorithm in lambda mode. The merged image on the left is the combined fluorescence 
signals of TLR4-PE, and TLR2-AF488. The merged image on the right is the combined 
fluorescence signals of P-selectin-A F647 and ICAMl-AF660. The scale bar is 10 um. 
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To prove specificity, we also selectively immunostained eight proteins and 
successfully conducted the concurrent detection of these eight proteins using the emission 
fingerprinting. The chosen proteins and corresponding fluorophore combination were 
designed as TLR2-AF488, TLR4-PE, RAGE-AF555, ICAM3-AF546, PECAM1-AF568, 
E-selectin-AF700, P-selectin-AF647, and ICAM1-AF660, as shown in Figure 3.7. 
In Figure 3.7, HAECs were immunostained with combination of eight flurophore-
conjugated Abs reactive to eight proteins. The cell sample was scanned with LSM 510 in 
lambda mode in which laser 488nm irradiates TLR2-AF488 (Dartmouth green) and 
TLR4-PE (Red) proteins (Figure 3.7A), laser 543nm irradiates RAGE-AF555 
(Fandango), ICAM3-AF546 (Purple), and PECAM1-AF568 (Cyan) proteins (Figure 
3.7B), laser 633nm irradiates E-selectin-AF700 (Taupe), P-selectin-AF647 (Orange), and 
ICAM1-AF660 (Brown) proteins (Figure 3.7C) simultaneously. The spectral overlaps 
among eight fluorophores were separated by emission fingerprinting provided by LSM 
510. The merged image in Figure 3.7A is the combined fluorescence signals of proteins 
of TLR2-AF488, TLR4-PE and the nucleus. The merged image in Figure 3.7B is the 
combined fluorescence signals of proteins of RAGE-AF555, ICAM3-AF546, PECAM1-
AF568, and the nucleus. The merged image in Figure 3.7C is the combined fluorescence 
signals of proteins of E-selectin-AF700, P-selectin-AF647, ICAM1-AF660, and the 
nucleus. 
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Nucleus Merged 
Figure 3.7A Concurrent eight protein detection using emission fingerprinting technique. 
Laser 488nm irradiates TLR2-AF488 (Dartmouth green) and TLR4-PE (Red) proteins. 
The scale bar is 10 nm. 
RAGE ICAM3 PECAM1 
Figure 3.7B Concurrent eight protein detection using emission fingerprinting technique. 
Laser 543nm irradiates RAGE-AF555 (Fandango), ICAM3-AF546 (Purple), and 
PECAM1-AF568 (Cyan) proteins. The scale bar is 10 jim. 
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E-selectin P-selectin ICAM1 
Nucleus Merged 
Figure 3.7C Concurrent eight protein detection using emission fingerprinting technique. 
Laser 633nm irradiates E-selectin-AF700 (Taupe), P-selectin-AF647 (Orange), and 
ICAM1-AF660 (Brown) proteins. The scale bar is 10 |im. 
To achieve the concurrent detection of ten proteins (Figure 3.8), HAECs were 
immunostained with combination of ten flurophores-conjugated Abs reactive to ten 
proteins of TLR2, TLR4, RAGE, ICAM3, PECAM1, VCAM1, NF-KB, E-selectin, P-
selectin, and ICAM1 respectively. The fluorophore combination was designed the same 
way as in the channel model (Figure 3.2). The same cell sample was scanned with LSM 
510 in lambda mode in which laser 488nm irradiates TLR2-AF488 (Dartmouth green) 
and TLR4-PE (Red) proteins (Figure 3.8A), laser 543nm irradiates RAGE-AF555 
(Fandango), ICAM3-AF546 (Purple), PECAM1-AF568 (Cyan), and VCAM1-AF594 
(Olive) proteins (Figure 3.8B), laser 633nm irradiates NF-KB-AF680 (Violet), and E-
selectin-AF700 (Taupe), P-selectin-AF647 (Orange), and ICAM1-AF660 (Brown) 
proteins (Figure 3.8C) simultaneously. The spectral overlaps among ten fluorophores 
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were separated by emission fingerprinting provided by the LSM 510. The merged image 
in Figure 3.8A is the combined fluorescence signals of proteins of TLR2-AF488, TLR4-
PE and the nucleus. The merged image in Figure 3.8B is the combined fluorescence 
signals of proteins of RAGE-AF555, ICAM3-AF546, PECAM1-AF568, VCAM1-
AF594, and the nucleus. The merged image in Figure 3.8C is the combined fluorescence 
signals of proteins of NF-KB-AF680, E-selectin-AF700, P-selectin-AF647, ICAM1-
AF660, and the nucleus. The spectra overlaps among these ten fluorophores were 
separated by the unmixing function in lambda mode provided by LSM 510 confocal 
microscope (Figure 3.4). The concurrent detection of ten proteins was verified using 
traditional channel modes in which single laser irradiates the single probe (Figure 3.2). 
All of these ten proteins show similar expression patterns due to their co-localizations [7]. 
TLR2 TLR4 
Figure 3.8A Concurrent ten protein detection using emission fingerprinting technique. 
Laser 488nm irradiates TLR2-AF488 (Dartmouth green) and TLR4-PE (Red) proteins. 
The scale bar is 10 um. 
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RAGE ICAM3 PECAM1 
VCAM1 Nucleus Merged 
Figure 3.8B Concurrent ten protein detection using emission fingerprinting technique. 
Laser 543nm irradiates RAGE-AF555 (Fandango), ICAM3-AF546 (Purple), PECAM1-
AF568 (Cyan), and VCAM1-AF594 (Olive) proteins. The scale bar is 10 um. 
NF-KB E-selectin P-selectin 
ICAM1 Nucleus Merged 
Figure 3.8C Concurrent ten protein detection using emission fingerprinting technique. 
Laser 633nm irradiates NF-KB-AF680 (Violet), and E-selectin-AF700 (Taupe), P-
selectin-AF647 (Orange), and ICAM1-AF660 (Brown) proteins. The scale bar is 10 um. 
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Figure 3.9A Representative higher magnification images in Figure 3.8A. 
The scale bar is 10 um. 
RAGE ICAM3 PECAM1 
VCAM1 Nucleus Merged 
Figure 3.9B Representative higher magnification images in Figure 3.8B. 
The scale bar is 10 um. 
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NF-KB E-selectin P-selectin 
ICAM1 Nucleus Merged 
Figure 3.9C Representative higher magnification images in Figure 3.8C. 
The scale bar is 10 um. 
TLR2 TLR4 
Nucleus Merged 
Figure 3.10A Representative higher magnification images in Figure 3.8A. 
The scale bar is 10 um. 
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RAGE ICAM3 PEC AM 1 
VCAM1 Nucleus Merged 
Figure 3.10B Representative higher magnification images in Figure 3.8B. 
The scale bar is 10 um. 
NF-KB E-selectin P-selectin 
ICAM1 Nucleus Merged 
Figure 3.10C Representative higher magnification images in Figure 3.8C. 
The scale bar is 10 um. 
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3.4 Discussion 
Multitracking is a method introduced with the LSM 510 from Carl Zeiss, that uses 
frame-wise or extremely fast line-wise switching between excitation laser lines. Alternate 
scans are used to avoid the simultaneous excitation of and, hence, emission from the 
fluorophores. This approach is ideal for those applications in which fluorophore 
combinations differ with respect to their excitation profiles such as Fluorescein- and 
Rhodamine-type dyes. However, it is not suited to separate multiple emissions excited by 
a single laser line and not applicable to multi-photon microscopy. 
Linear unmixing algorithms are used to create an image in which the contribution 
from each fluorochrom is represented in a separate channel and shown here as distinct 
colors. Thus, the LSM 510 META with linear unmixing can be used to go beyond what 
can be achieved with physical separation and can be used to characterize samples 
containing co-localized, spectrally overlapping dyes. 
Compared to multitracking, multispectral imaging and linear unmixing is an 
approach that overcomes a number of limitations at the parallel detection of several 
fluorescent molecules at the same time. This approach make it possible to separate the 
co-localization experiments which are beyond the capability of optical filtering methods. 
Since almost all of the fluorescence emitted can be collected by this method without 
compromising the discrimination between distinct fluorescent molecules, it offers 
increased sensitivity, which is critical when working with living samples and provides the 
versatility in combination of fluorescent fluorophores [37]. Compared to conventional 
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microscopy methods and multitracking, multispectral imaging offered by LSM 510 
META detector can increase the number of distinct fluorescent molecules that can be 
simultaneously detected in biological applications. 
A full 512X512 lambda stack of data from all 32 channels (the full visible 
spectrum 350-700 nm) can be acquired in 0.8s, and x-y scans with fewer pixels or lambda 
stacks, including data from fewer channels, increase the speed considerably. For instance, 
data from eight channels can be scanned across a line (1X512 pixels) in as fast as 0.38 
ms. Therefore, it is possible to combine spectral imaging with time-lapse analysis or to 
image in multiple dimensions including three spatial dimensions, time and color, 
producing 5-D images. 
In the immunostaining technique, the second antibodies are conjugated with the 
fluorescent dyes and binding to un-conjugated primary antibodies for protein detections. 
The cells have to be permeabilized or fixed to ensure free access of the antibody. This 
step may be omitted when examining the cell-surface antigens [43]. In our approach, we 
used fluorophore conjugated primary antibodies, and most proteins we studied are 
expressed on the cell surface. Therefore, the primary antibodies conjugated with the 
fluorescent dyes can be directly used to stain the proteins pressed on the live single cell 
surface. 
Detection of multiple antigens on the same cell sample can be done by applying a 
combination of fluorescent labeled antibodies [43], in which antibodies directly labeled 
or primary-secondary antibody pairs can be applied simultaneously. In primary-
- 4 7 -
secondary antibody sandwich technique, the primary and secondary antibody pair has to 
be generated from noncross-reacting species [44] (e.g., mouse, rabbit, goat, gunea pig 
etc.). Due to the limitation of noncross-reacting species, i.e. the secondary antibodies 
have to be generated from different species to avoid the cross-reacting with other primary 
antibodies; it will be of advantage to use fluorophore conjugated primary antibodies for 
the concurrent detection of multiple proteins. This approach can be applied to live single 
cell assay and can reveal the molecular interaction networks present in live cells and 
explore the interaction within the protein network changes in space and time with respect 
to environmental stimuli. This approach will have a lot of potential applications, such as 
cancer profiling since cancer cells express a wide variety of cell surface molecules. 
In summary, we have applied emission fingerprinting technique to concurrent 
detect ten proteins, which are involved in endothelial inflammation. This approach can 
be further applied to live single cells to (1) elucidate complex causal influence 
relationships among multiple proteins by eliminating population-averaging effects that 
could obscure revealing correlations; (2) provide rich data for quantitative mathematical 
modeling; (3) distinguish specific cell subpopulations from primary cell populations, and 
reveal subtle differences of cellular behavior among different cell subtypes; (4) furnish 
important mechanistic information of clinical relevance concerning key molecules 
involved in disease states and targets of pharmaco-therapeutic agents; and (5) allow live 
single-cell time-series data to be collected in real-time response to environmental stimuli, 
which is beyond the technical capability of flow cytometry. 
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Chapter 4 
MULTIPLE-PROTEIN DETECTIONS OF SINGLE-CELLS REVEAL 
CELL-CELL HETEROGENEITY IN HUMAN CELLS 
4.1 Introduction 
Cells are the fundamental building blocks of life. Cell population stands for an 
intrinsically heterogeneous and stochastic system with a high level of spatiotemporal 
complexity [45-47]. Cellular heterogeneity has been observed in many physiological 
processes [48, 49]. Cellular heterogeneity within cancer, neurons and stem cells is 
particularly pronounced [50, 51]. Exposed to the same environment conditions, 
genetically identical cells show significant variations in molecular contents and marked 
differences in phenotypic characteristics [52].Such cell-cell heterogeneity can be 
important to many biological processes, such as disease progression, and will have 
important consequences for the health and function of the entire population of cells. 
Currently, cells are commonly analyzed in ensembles, i.e. thousands of cells per 
sample, yielding results on the average response of all cells. However, it is the individual 
cell that matters. A recent investigation reveals that a single-cell clonal expansion is 
responsible for tumor and its subsequent metastasis [53]. Single-cell analysis is preferred 
because the traditional bulk cellular analysis often overlooks cellular heterogeneity and 
does not provide information on cell-cell variations, e.g., pattern of cellular response to a 
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given stimulus, or variability in the concentration of second messagers or metabolites 
among different cells. Positive cellular drug responses could be obscured by cell-cell 
heterogeneity [54]. Single-cell measurements will unveil information obscured in 
population averages [55], and enable us to determine distributions rather than averaged 
properties within a cell population. 
Proteins are organized into extensive networks that allow cells to respond and 
adapt to their environment [28, 29]. The activity of an individual protein depends on not 
only its abundance but also the interacting networks. It is becoming clear that single 
biological measurement is not capable of truly characterizing even the simplest systems. 
The level of complexity, with numerous variables acting at the same time, requires multi-
parametric and dynamic investigation of a large number of single cells. Multiplexed 
study will provide quantitative correlations or inter-relationships among multiple cellular 
components and molecular markers within a protein network or family in biological 
processes. The behavior of system of proteins can be understood comprehensively only 
by treating the network as a whole. The spatiotemporal dynamics of key proteins were 
demonstrated to be crucial for many cell decisions such as proliferation, apoptosis, and 
differentiation [8]. Simultaneously measuring multiple cellular components, such as 
proteins, is also crucial to clinical diagnoses and multidimensional drug profiling [9,10]. 
Stochasticity of protein expression exhibits not only in the temporal information 
of a single cell but also in a cell population distribution at a particular time. A distribution 
of cellular behaviors can be estimated from a large number of single cells at a single time 
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point and/or over time. A histogram will characterize a quantitative trait which is 
distributed across a cell population [56]. The cell-cell variability, defined as noise, is 
reflected in the width of a cell population distribution, or histogram. Mathematically, 
noise can be calculated as the ratio between the standard deviation and the mean 
expression level of the cell population [57-60]. Noise strength can be measured by the 
variance divided by the mean expression level of the cell population [59-61]. 
Although flow cytometry is a powerful and high-throughput tool for studying 
single cells, most experiments produce only end point data. It can neither follow single-
cell behavior by time-lapse imaging for temporal information nor capture images of 
whole cells to yield spatial information. Moreover, these cells have to be fixed 
specifically for intracellular staining. Further, flow cytometric techniques can only be 
applied to cells in suspension and cannot directly show whether the identified molecules 
have a functional role in the cellular process under investigation. Microscopy can reveal 
the existence of phenotypically distinct cellular subpopulations at a single-cell level. 
Study of protein networks allows us to investigate how stochastic effects at different parts 
of a network affect expression outcomes [60]. In this study, an in vitro endothelial 
inflammation was used as a model system. Multiple proteins involved in the endothelial 
inflammation, such as toll-like receptor 2 (TLR2), toll-like receptor 4 (TLR4), P-Selectin 
(CD62P), E-Selectin (CD62E), (Intercellular Adhesion Molecule 1 (ICAM1 or CD54) 
and Vascular cell adhesion protein 1 (VCAM1 or CD106) [2,3], were chosen as protein 
candidates for this study. In this work, we measured multiple proteins on single cells 
using fluorescence microscopy. Then, we constructed the histograms of protein 
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expression by drawing the frequency versus the median normalized protein expression 
level from a large number of single cells. Cell-cell heterogeneity was disclosed by 
quantifying noise, noise strength of protein distribution histograms and correlation 
coefficients for multiple proteins expressed on same-single-cells over TNF-a stimulation 
time. Cell-cell heterogeneity was further divulged by quantifying noise, noise strength, 
correlation coefficients among independent cell subpopulations exposed to the same 
environmental stimulation condition (TNF-a stimulation time). 
4.2 Experiment material and methods 
4.2.1 Materials and Chemicals 
Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS), 
phosphate-buffered saline (PBS), 100X penicillin-streptomycin stock solution, and 0.5% 
trypsin-0.02%EDTA stock solution were obtained from Sigma-Aldrich Chemicals (St. 
Louis, MO). Fluorescently-conjugated monoclonal antibodies (mAbs) used for 
immunofluorescence were R-phycoerythrin (PE) anti-human CD284 (TLR4), Alexa 
Fluor (AF) 488 anti-human CD282 (TLR2), AF 647 anti-human CD62P (P-selectin), PE 
anti-human CD62E (E-selectin), AF 488 anti-human CD 106 (VCAM-1), and AF 647 
anti-human CD54 (ICAM-1) (BioLegend, San Diego, CA). Nuclei were stained with 4',6-
diamidino-2-phenylindole (DAPI) contained in the ProLong Gold antifade mounting 
medium purchased from Invitrogen (Carlsbad, CA). The purified anti-human antibody 
reactive to protein CD62E was customer conjugated to AF 660 using Zenon labeling kits, 
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which was purchased from Invitrogen (Carlsbad, CA). The customer-conjugation follows 
the manufacturer's instruction. 
4.2.2 Human aortic endothelial cell culture 
Human aortic endothelial cells (HAECs) (provided by Dr. Mike Liu from 
Dartmouth College) were cultured in DMEM, 25mM HEPES, 10-20% FBS, 1-2% 
penicillin-streptomycin, and 3.0 g/L sodium bicarbonate (NaHCOj) in an incubator at 
37°C with 5% CO2 and 95% humidity. 
4.2.3 Multiplexed immunofluorescence staining 
HAEC cells were cultured to confluence in a 16-well Lab-Tek chamber (Nunc, 
Thermo Fisher Scientific, Rochester, NY), and settled to quiescence using cell culture 
medium with 1% FBS overnight. After stimulating the cells by adding tumor necrosis 
factor- a (TNF-a) (10 ng/ml) to the cell culture medium for various periods (1-24 hr), 
they were washed three times with PBS, fixed with 70% ethanol for 15 min at room 
temperature, and washed three times with PBS. Fixed HAEC cells were blocked and 
permeabilized (PBS/1% FBS/0.2% Triton X-100) for 30 minutes at 37°C. Fluorescently-
labeled primary mAbs were added to the cells and incubated 1 hr at 37°C in the sequence 
of AF488, PE and AF647, followed by washing three times with both PBST (PBS/0.2% 
Triton X-100) and PBS. Cells were mounted in ProLong Gold, covered with #1.5 cover 
slips, and sealed with nail polish. Fluorescence and differential interference contrast 
(DIC) images were acquired using a Zeiss LSM 510 Meta laser scanning confocal 
microscope. 
4.2.4 Mean fluorescent intensity (MFI) measurements 
MFI measurements were made from cells imaged using the 40X oil emission 
objective lens. For single-cell measurements, a single cell was outlined using phase 
images and the MFI of the single cell was measured using the LSM 510 software within 
three channels (one channel per fluorophore-conjugated mAb). 300 cells were counted 
for single-cell analyses. 
4.2.5 Histogram of protein expression in a cell population 
Protein i expression level (pfJ) is defined as the mean fluorescence intensity 
(MFI) of an individual cell j. Median value of MFIs of protein i in a cell population is 
defined as <pi>. (/?,) = ^Pn/N. Cell number N is used to describe the size of a cell 
population. N increases from 10 to 500. We used N=300 for our single-cell analyses. 
Histogram of protein expression in a cell population is characterized by the median 
normalized mean fluorescence intensity A>/(A) versus the frequency. Frequency is 
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quantified by the cell number with a given median normalized mean fluorescence 
intensity pv /(pt) divided by the total cell number. 
4.2.6 Noise (oj and ) 
Noise of protein i expression in a cell population is characterized by the standard 
deviation divided by the median value of MFIs in a cell population and is labeled as <jj in 
the histogram. In this study, noise Oj is quantified as cr, = {pH  ~{p,)Y/n . Here, p t j  
is the mean fluorescent intensity of protein i expressed from an individual cell j. Median 
value of MFIs of protein i in a cell population is labeled as <pi>. c; is normalized by <pi> 
and defined as a t .  
4.2.7 Noise strength (<pt and^) 
Noise strength of protein i expression in a cell population is characterized by the 
variance and is labeled as <pt . In this study, variance <pt is quantified as 
the median value of MFIs in a cell population <pi> and defined as<p l=<p,/<p f>. 
4.2.8 Correlation coefficient R2 
Variance <pt is normalized by 
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Correlation coefficient R2 is used to measure the strength of linear dependence 
between two proteins expressed on a same single-cell. Correlation coefficient R2 is 
quantified as the covariance of the two variables divided by the product of their standard 
deviations. 
4.3 Results 
4.3.1 Multiple protein detection 
We detected multiple proteins like TLR2, TLR4, CD62P on the same HAEC cell 
sample and ICAM1, VCAM1 and CD62E on another same HAEC cell sample. Figure 4.1 
shows the representative image of multiple protein detection. VCAM-1, ICAM-1, and E-
selectin expressed on the same HAEC cell sample were immunostained with antibodies 
conjugated with AF 488, PE and AF647 and visualized with Zeiss LSM 510 confocal 
microscope. Figure 4.2 illustrates a representative image of CD62E expression levels in a 
cell population. Fluorescent intensity is varied among individual single cells, especially 
in the higher magnification image, displayed the cell-cell variability in CD62E expression 
levels in a cell population. The mean fluorescent intensity of specific protein expression 
on a particular single cell was measured using the LSM 510 software for quantitative 
comparisons. 





Figure 4.1 Multiple protein detection on HAEC cells using fluorescent microscope. 
VCAM-1, ICAM-1, and E-selectin expressed on the same HAEC cell sample were 
immunostained with antibodies conjugated with AF 488, PE and AF647 and visualized 
with Zeiss LSM S10 confocal microscope. The scale bar is 50 um. 
Figure 4.2 Cell-cell variability in CD62E expression levels in a cell population. (A) 
CD62E expressed on HAEC cell sample was immunostained with antibodies conjugated 
with AF 660 and visualized with Zeiss LSM 510 confocal microscope. (B) Higher 
magnification image in (A). The Scale bar is 50 um. 
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4.3.2 Histogram of protein expression in a cell population 
Figure 4.3 shows histogram of CD62E protein expression distribution as functions 
of cell number. When the cell number N increases from 25 to 500, the CD62E protein 
distribution (histogram) looks like a Gaussian distribution curve. The histogram of 
CD62E drawn at the cell number of 300 is very close to that drawn with the cell number 
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Figure 4.3 CD62E (E-selectin) protein distributions (histogram) as a function of cell 
numbers. N is the total cell number. N increases from 25 to 500. 
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Figure 4.4 shows histograms of six protein expression profiles under different 
environmental conditions (TNF-a treatment time). Histograms are plotted as frequencies 
versus median normalized protein expression levels. Histograms visualize the variations 
in protein expressions from cell to cell. Although six proteins have different magnitudes 
of frequency versus median normalized protein expression levels, histograms show 
similar patterns as a function of environmental stimuli (TNF-a treatment time). Un­
stimulated (controlled) HAECs cell population represented a cell population with a wider 
distribution or having bigger cell-to-cell variability. TNF-a stimulation squeezed HAECs 
to narrower distributed cell populations. The stimulation exerted by TNF-a on six 
proteins do not show linear effects but demonstrate nonlinear relationships with the 
stimulation time. The stimulation effect of TNF-a on HAEC cell population reached a 
peak at the TNF-a stimulation time of four hour but this influence gradually faded with 
the stimulation time. To quantify the stimulation effects of TNF-a on endothelial cells, 
we calculated the noise and noise strength of six proteins as functions of TNF-a 
stimulation time, as detailed in the following section. 
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Figure 4.4 Dynamic behaviors of histograms of TLR2, TLR4, CD62P, CD54, CD 106, 
and CD62E. 
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4.3.3 Noise and noise strength 
As shown in Figure 4.5, we quantified the noise and noise strength of six protein 
histograms shown in Figure 4.4 as functions of TNF-a stimulation time. TNF-a 
stimulation reduced values of the majority noise, noise strength of six protein distribution 
profiles. Compared to the control cell sample, the noise of TLR2 protein histogram was 
reduced 16.6% at 4 hr, 32.5% at 12 hr, 34.8% at 18 hr and 23.5% at 24 hr of TNF-a 
stimulation. The noise strength of TLR2 protein histogram was reduced 22.7% at 4 hr, 
61.0% at 12 hr, 63.1% at 18 hr and 45.4% at 24 hr of TNF-a stimulation. The noise of 
TLR4 protein histogram was reduced 42.3% at 4 hr, 20.9% at 12hr, 4.5% at 18 hr and 
1.45% at 24 hr of TNF-a stimulation. The noise strength of TLR4 protein histogram was 
reduced 52.2% at 4 hr, 31.9% at 12hr, 13.8% at 18 hr and 11.6% at 24 hr of TNF-a 
stimulation. The noise of CD62P protein histogram was reduced 12.6% at 4 hr, 31.1% at 
12 hr, 27.1% at 18 hr, and 6.6% at 24 hr of TNF-a stimulation. The noise strength of 
CD62P protein histogram was reduced 5.34% at 4 hr, 44.6% at 12 hr, 39.8% at 18 hr and 
44.6% at 24 hr of TNF-a stimulation. 
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Figure 4.S Noise, noise strength of six protein histogram as a function of stimulation time 
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TNF-a stimulation also influenced another three proteins expressed on the same 
HAEC cell sample. The noise of CD54 protein histogram was reduced 35.3% at 4 hr, 
25.7% at 12 hr, 22.6% at 18 hr but increased 22.6% at 24 hr of TNF-a stimulation. The 
noise strength of CD54 protein histogram was reduced 40.5% at 4 hr, 24.6% at 12 hr, 
12.5% at 18 hr, but increased 95.7% at 24 hr of TNF-a stimulation. The noise of CD106 
protein histogram was reduced 39.3% at 4 hr, 36.8% at 12 hr, 0.41% at 18 hr and 2.78% 
at 24 hr of TNF-a stimulation. The noise strength of CD 106 protein histogram was 
reduced 38.4% at 4 hr, 57.9% at 12 hr, 39.5% at 18 hr and 4.834% at 24 hr of TNF-a 
stimulation. The noise of CD62E protein histogram was reduced 16.3% at 4 hr, 23.0% at 
12 hr, 1.76% at 18 hr but increased 42.9% at 24 hr of TNF-a stimulation. The noise 
strength of CD62E protein histogram was reduced 32.9% at 4 hr, 49.0% at 12 hr, 0.348% 
at 18 hr but increased 41.7% at 24 hr of TNF-a stimulation. Overall, the influences of 
TNF-a stimulation on HAEC cell populations were dynamic and peaked either at 4 hr or 
12 hr depends on specific protein. The stimulation intensity varied as different proteins. 
HAECs demonstrated the narrowest distribution profiles after 4hr of TNF-a 
stimulation for all six proteins. To explore the cell-cell heterogeneity, we measured the 
noise, noise strength of independent cell subpopulations for all proteins treated with 
TNF-a for four hours. As shown in Figure 4.6, the noise and noise strength demonstrate 
significant difference among these independent cell subpopulations. Regarding TLR2 
protein, noise differences among independent cell population are not very significant. 
Cell subset 2 is slightly higher than cell subset 1 with 0.89% increase. Cell subset 3 is 
slightly lower than cell subset 1 with 1.32% decrease. Cell subset 3 is slightly lower than 
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cell subset 2 with 2.2% decrease. Noise strength showed relatively significant differences 
among independent cell population. Noise strength of cell subset 2 is 24.9% lower than 
that of cell subset 1. Noise strength of cell subset 3 is 53.8% lower than that of cell subset 
1. Noise strength of cell subset 3 is 38.4% lower than that of cell subset 2. For noise of 
TLR4 protein, cell subset 2 is 26.9% higher than that of cell subset 1. Cell subset 3 is 
25.7% higher than cell subset 1. Cell subset 3 is slightly lower than cell subset 2 with 
1.02% decrease. For noise strength of TLR4 protein, cell subset 2 is 34.14% higher than 
that of cell subset 1. Cell subset 3 is 17.04% higher than cell subset 1. Cell subset 3 is 
12.74% lower than cell subset 2. Regarding noise of P-selectin protein, cell subset 2 is 
39.8% higher than that of cell subset 1. Cell subset 3 is 5.12% higher than cell subset 1. 
Cell subset 3 is 24.8% higher than cell subset 2. Regarding noise strength of P-selectin 
protein, cell subset 2 is 27.5% higher than that of cell subset 1. Cell subset 3 is slight 
lower than cell subset 1 with a 2.45% decrease. Cell subset 3 is 23.5% lower than cell 
subset 2. 
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Figure 4.6 Noise, noise strength of independent cell sub-sets at 4hr of TNF-a stimulation 
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With respect to noise of CDS4 protein, cell subset 2 is 12.4% higher than cell 
subset 1. Cell subset 3 is slightly higher than cell subset 1 with 2.2% increase. Cell subset 
3 is lower than cell subset 2 with 9.1% decrease. Noise strength of cell subset 2 is 12.7% 
higher than that of cell subset 1. Noise strength of cell subset 3 is slightly lower than that 
of cell subset 1 with a 3.12% decrease. Noise strength of cell subset 3 is 14.0% lower 
than that of cell subset 2. As for noise of CD 106 protein, cell subset 2 is 8.12% lower 
than that of cell subset 1. Cell subset 3 is 32.7% lower than cell subset 1. Cell subset 3 is 
lower than cell subset 2 with 26.8% decrease. As for noise strength of CD 106 protein, 
cell subset 2 is 26.2% lower than that of cell subset 1. Cell subset 3 is 56.1% lower than 
cell subset 1. Cell subset 3 is 40.5% lower than cell subset 2. Regarding noise of E-
selectin protein, cell subset 2 is slightly lower than that of cell subset 1 with a 9.0% 
decrease. Cell subset 3 is 14.3% lower than cell subset 1. Cell subset 3 is slightly lower 
than cell subset 2 with a 5.83% decrease. Regarding noise strength of E-selectin protein, 
cell subset 2 is 22.0% lower than that of cell subset 1. Cell subset 3 is 36.6% lower than 
cell subset 1. Cell subset 3 is 18.7% lower than cell subset 2. 
4.3.4 Correlation coefficients R2 
As shown in Figure 4.7, we quantified the correlation coefficients R2 of three 
proteins of TLR2, TLR4, and P-selectin expressed on the same-single-cells in a cell 
population as functions of TNF-a stimulation time. The specific values of correlation 
coefficients R2 among three proteins of TLR2, TLR4, and P-selectin expressed on the 
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same single-cells as function of TNF-a stimulation time as well as independent cell 
populations were listed in Table 4.1. Overall, the value of R is relatively high (>0.6), this 
expressed that there were substantial correlations among three proteins during endothelial 
inflammation. The value of R2 of overall cell population in the control sample was 
decreased at 4 hr and gradually increased at 12 hr and 24 hr of TNF-a stimulation, this 
illustrated that protein correlations were influenced by the environmental stimulation. 
The different values of R2 among different independent cell subpopulations proved that 
cell-cell variability contributed to the stochasticity in protein correlations. 
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Figure 4.7 correlation coefficients of multiple proteins (TLR2, TLR4, and CD62P) 
on the same single cells. 
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Table 4.1 Correlation coefficients of TLR2, TLR4 and CD62P 
expressed on same single cells 
Overall Cell subsetl Cell subset 2 Cell subset3 
Control 
^TLKl-TUt* =0.841 &TLRl-TUt4 = 0.897 ~ 0.930 ^TLKl-TLR* = 0.881 
Rnjti-cixip = 0.936 ^TUt2-CD62P = 0.945 ^Tun-coop = 0.937 ^TLK2-CD62P ~ 0.957 
4 hr 
Rjim-ilr* ~ 0.796 ^TLRl-TLK* = 0.577 ^ma-Tuti ~ 0.965 ^TLRl-TLRA = 0.876 
^TLK1-CD61P =0.748 RTUtl-CDilF ~ 0.617 ^ruti-cmip = 0.948 •^TLK1-CD62P = 0.762 
12 hr 
^TLKl-TLK* ~ 0.921 R-TLRl-TUU = 0.949 ^TLKl-TLK* = 0.916 RTLR2-TLR* =0.912 
^jua-cmip ~ 0*855 ^TLK2-CD62P ~ 0.935 RTuti-cDtip ~ 0.859 ^TLR2-CD62P ~ 0.846 
24 hr 
RTLKl-TLK4 =0.824 ^TLRl-TUt* =0.889 ~ 0.571 ^TLR2-TLR* =0.926 
^TLK1-CD61P = 0.935 ^TLR2-CD62P = 0.951 R-TLR1-CD61P ~ 0.958 ^TUt2-CD62P ~ 0.922 
As shown in Figure 4.8, we quantified the correlation coefficients R2 of three 
proteins of CD54, CD 106, and E-selectin expressed on the same single-cells within a cell 
population as functions of TNF-a stimulation time. The values of correlation coefficients 
R2 three proteins of CD54, CD 106, and E-selectin expressed on the same single-cells as 
function of TNF-a stimulation time as well as independent cell populations were listed in 
Table 4.2. High values of R2 among these three proteins also supported that there were 
substantial correlations among these proteins during endothelial inflammation. The 
influences of TNF-a stimulation on value of R2 among these three proteins showed 
different behaviors than that of above three proteins. Similarly, different independent cell 
subpopulations have different values of R2 and further supported that cell-cell variability 
contributed to the stochasticity in protein correlations. 
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Figure 4.8 correlation coefficients of multiple proteins (CD54, CDIOS and CD62E) 
on the same single cells. 
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Table 4.2 Correlation coefficients of CD54, CD105 and CD62E 
expressed on same single cells 
Overall Cell subset 1 Cell subset 2 Cell subset3 
Control 
^CD54-CDl 06 = 0*858 ^CDSA-CDl 06 " 0.890 ^CDS4-CD106 = 0.914 ^CD54-CDI06 = 0.914 
RCD54-CD62E = 0*^18 ^CD54-CD62E = 0.953 Rcdsi-CMIE = 0.962 ^CD54~CD62E = 0.920 
4 hr 
^CDSA-CDi06 = 0-877 ^CD54~CDl 06 = 0.910 ^CDSA-CDl06 — 0.885 ^CDS4-CDl 06 = 0.919 
^CDS4~CD62E S 0.899 ^CDS4-CD62E = 0.894 ^CD54-CD62E = 0.924 ^CD54-CD62E = 0.906 
12 hr 
^CD$4-CDl 06 = 0.910 ^CD54-CDl06 = 0.920 ^CD54~CDl 06 = 0.920 ^CD54-CDl06 = 0.891 
^CDSA-CD62E = 0.877 RCD54-CD62E = 0.924 ^CD54-CD62E S 0.859 ^CD5A-CD62E ~ 0.833 
24 hr 
^CDSt-CDl 06 5=10.702 ^CD54-Cm06 = 0.500 ^CD54-CD106 38 0.892 ^CD54-CDl06 = 0.860 
RO)54-CD62E 555 0.871 RCDSA-CD62E == 0.915 ^CD54~CD62E = 0.905 ^CDS4r-CD62E = 0.886 
4.4 Discussion 
Protein expression is a stochastic process leading to phenotypic heterogeneity 
among cells [50]. The variability or cell-cell distribution of protein expression levels in 
human cells is not well characterized [62]. To reveal such cell-cell variability, we 
detected three proteins simultaneously on the same cell sample using fluorescent 
microscopy, represented in Figure 4.1, and quantified the dispersion of protein expression 
levels in a cell population, illustrated in Figure 4.2. Our experimental data shows that the 
histogram of protein distribution in a cell population is close to a Gaussian distribution, 
as shown in Figure 4.3. Our experimental results also agrees with the literature study that 
cell population is a mixture of subpopulations, modeled as Gaussian distributions [63]. 
Our experimental data also demonstrated that the dynamic behaviors of histograms are 
also functions of TNF-a stimulation time, as shown in Figure 4.4. 
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As shown in Figure 4.S, noise and noise strength of six protein histograms also 
demonstrated non-linear relationship with TNF-a stimulation time. To further reveal cell-
cell variability, we quantified the noise and noise strength of six protein histograms based 
on the independent cell subpopulations. As shown in Figure 4.6, under the same 
environmental condition, different values of noise and noise strength values among the 
independent cell populations reveals the cell-cell heterogeneity. As shown in Figures 4.7 
and 4.8, correlation coefficients R also demonstrated a non-linear relationship with TNF-
a stimulation time. Our experimental results supported that significant cell-cell 
heterogeneity is present even in supposedly uniform populations such as clonal cell lines. 
Our experimental results suggest that whole-population averaging of the protein levels 
may not appropriately characterize its biological function. Clonal heterogeneity in protein 
expression may correlate with heterogeneity of the differentiation potential of these cells 
and their functions [64]. 
Each cell represents a distinct state. Cell population can be described as mixtures 
of a limited number of phenotypically and/or functionally distinct subpopulations. 
Subpopulations will have different patterns of markers (presence or absence of certain 
proteins) and corresponding expression intensities. In our study, to enable comparisons 
of cellular heterogeneity across experimental conditions, a reference control set of 300 
cells was constructed for each protein from a uniform sampling of control. The 
heterogeneity of a cell population subjected to a specific experimental condition, i.e. 
TNF-a stimulation, was estimated by comparing with the reference control population 
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behaviors. Independent subpopulation profiles based on 100 independent cells also 
revealed cell-cell heterogeneous responses to identical TNF-alpha treatment. 
Cellular heterogeneity is not yet well understood. Stochasticity (Stochastic nature) 
in biological mechanisms, i.e., the random element of both timing and molecular 
partitioning, will produce an additional source of variability. Cellular heterogeneity of 
protein expression resulted from stochasticity is exhibited not only in the temporal 
information in a single cell, but also within a cell population distribution at a particular 
time. Stochasticity in protein expression is not necessarily an obstacle to invariant 
cellular behavior but may contribute an evolvable source of advantageous population 
diversity. Subpopulations contribute unequally to disease progression or response to 
either disease progression or therapeutic intervention. Therefore, cell-cell heterogeneity 
can serve not only as a passive readout of population state but also as a predictor of future 
responses to perturbations [50]. Our experimental data shows that TNF- a stimulation 
influences the protein histograms, noise, noise strength, and correlation coefficients. 
These influences demonstrate nonlinear relationships with the stimulation time. Our 
experimental results support the idea that cell-cell heterogeneity can be used to 
characterize the disease progression and can be used for potential disease diagnoses [60, 
65]. Our study also implies that cellular heterogeneity contains meaningful information 
which can serve as a biological function. This information can be useful to guide 
diagnoses and treatment of the diseases. 
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CHAPTER 5 
CONCLUSIONS AND FUTURE WORK 
5.1 Conclusions 
- We observed different dynamic behaviors by six proteins upon inflammatory 
stimulation. Increased expression of toll-like receptor 2 (TLR2) and P-selectin peaked 
relatively early (after 4 hr of stimulation) while VCAM-1, ICAM-1, E-selectin, and 
TLR4 showed a more gradual and consistent increase in expression with stimulatory 
time. The magnitude of this increase was significantly greater for VCAM-1 and ICAM-1. 
The multiplexed detection developed in this study using fluorophore-conjugated primary 
Abs provides an approach for live cell and in vivo imaging of endothelium inflammation 
for quantitative characterization of multiple proteins within a network. 
- Proteins constitutively function within networks. Concurrent detection of multiple 
proteins is crucial to clinical diagnoses and multidimensional drug profiling. 
Fluorescence microscopy is capable of multicolor imaging, and has the capability to 
quantify essentially any physiological changes that occur at the single-cell level and in 
the context of live single cells. The staining of cells with multiple labels is still a 
technical challenge while multiplexed assays are complicated by spectral emission 
overlaps and measurement errors. In this study, we applied emission fingerprinting 
technique provided by Zeiss LSM 510 META detector, and achieved concurrent 
detection of ten proteins expressed on the same endothelial cell sample. This approach 
- 7 4 -
can be further applied to real-time measurement of multiple proteins expressed on live 
single cell surface, and therefore will enable a novel approach of multiplexed live single 
cell detection. 
- We applied multiple fluorophore-conjugated primary antibodies to detect multiple 
proteins expressed on the same single cells. To reveal cell-cell heterogeneity, we 
quantified the histograms of six proteins within a cell population, noise and noise strength 
of these protein histograms, and correlation coefficients of these proteins as functions of 
TNF-a stimulation time respectively. Above parameters demonstrated non-linear 
relationships with TNF-a stimulation time. Quantification of above parameters on 
independent cell subpopulations further reveals the cell-cell heterogeneity when exposed 
to identical environmental conditions. Such cellular heterogeneity will be useful to 
characterize the disease progression and disease diagnoses. 
5.2 Future Work 
- In this thesis, we used Protein Labeling Kits provided by Invitrogen to do the 
conjugation to antibodies. The Protein Labeling Kits utilize an amine-reactive 
fluorophore or hapten to covalently attach the label to the IgG antibody. The process is 
simple and once formed, the covalent bond between the label and the protein is 
stable. However, the limitation about Protein Labeling Kits is that there is certain range 
of wavelength required for the fluorophore to work. The Quantum Dots Antibody 
Conjugation Kits may be a good substitute in this point. Though the conjugation 
procedure is more complex than Protein Labeling Kits, the wavelength range for 
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Quantum Dots Antibody Conjugation Kits to work is much wider. They potentially 
provide the chance to use only one laser to excite the sample and detect multiple proteins. 
Thus it's worth the effect to change to Quantum Dots Antibody Conjugation Kits to do 
the antibody conjugation and have a try. 
- The cells used in this thesis are fixed before applying the immunofluorescence staining 
procedure. However, the ultimate goal is to apply these methods and techniques to live 
cells, which is more meaningful and significant for disease diagnoses, but more 
challenging as well. 
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APPENDIX A 
MEAN FLUORESCENT INTENSITY DATA FOR CHAPRTER 2 
Table A.l - Effects of inflammatory stimulation on proteins expression 




0 1 2 4 8 12 18 24 
MFI 
(TLR2) 1 1.17845 1.05252 1.52671 1.01976 1.07637 1.11439 1.20639 
MFI 
(P-Selectin) 1 1.21791 1.15257 1.43895 1.25132 1.32208 1.2418 1.33758 
MFI 
(TLR4) 1 1.23824 1.0813 1.4653 1.39012 1.43293 1.31801 1.5793 
MFI 
(E-Selectin) 1 1.0504 1.23153 1.29079 1.32891 1.48934 1.4288 1.47344 
MFI 
(ICAM-1) 1 1.05051 1.25682 1.24917 1.59144 2.30693 2.24287 3.11965 
MFI 
(VCAM-1) 1 1.02813 1.10146 1.3774 1.62114 1.63345 1.98978 2.89236 
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APPENDIX B 
MEAN FLUORESCENT INTENSITY DATA FOR CHAPRTER 4 
Table B.l - MFI data for single cells about CD62E (E-selectin) under 4 hr TNF-a 
stimulation (Data Supporting Figure 4.3) 
MFI Normalized_MFI(MFI/Average) 
CD62E-APC Sample# 1 























Image#2 140.23 0.920692719 
155.04 1.01792911 
Cell Number: 
25 141.38 0.928243148 

















































































100 177.67 1.040774483 
Average 170.7094 














































































































































Image#4 144.44 0.930037893 
146.14 0.94098406 
149.68 0.963777844 




































































300 133.76 0.97663003 
Average 136.9608 









































Image#2 126.24 0.816440884 
160.6 1.038659743 
142.7 0.922893807 


















































































































- 9 6 -
Average 206.7786 



















































500 208.03 1.123260008 
Average 185.202 
Table B.2 - MFI data for single cells about all 6 proteins under Ohr (control), 4hr, 12hr 
and 24hr TNF-a stimulation (Data Supporting Figure 4.4) 









Image# 1 93.52 0.976956284 99.16 0.955707451 86.56 0.869148211 
100.05 1.045171901 113.96 1.098350354 101.55 1.019662671 
91.22 0.952929344 87.63 0.844580919 91.22 0.91593923 
84.39 0.881579778 75.25 0.725262058 79.82 0.801471929 
102 1.065542568 110.27 1.062786009 107.97 1.084125835 
107.87 1.126863498 113.57 1.094591521 112.94 1.134029562 
105.65 1.103672278 115.24 1.110687038 102.38 1.027996694 
86.91 0.907904947 84.71 0.81643786 83.97 0.843142043 
96.96 1.012892229 86.46 0.833304419 87.12 0.874771166 
98.78 1.031904852 96.27 0.927853533 93.98 0.943652366 
99.77 1.042246882 108.22 1.043028039 102.58 1.030004892 
103.41 1.080272127 135 1.301134589 119.49 1.199798056 
73.4 0.766772789 75.76 0.730177455 82.32 0.826574407 
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97.9 1.022711935 98.98 0.953972605 99.56 0.999681098 
100.28 1.047574595 103.43 0.996861856 110.78 1.112341021 
92.38 0.965047279 110.49 1.064906376 103.84 1.042656541 
103.43 1.080481057 123.7 1.192224805 117.25 1.177306235 
94.44 0.98656706 95.04 0.915998751 96.19 0.965842957 
100.66 1.051544264 102.67 0.98953695 110.57 1.110232413 
105.26 1.099598144 108.41 1.044859265 110.4 1.108525444 
90.75 0.948019491 89.74 0.864917171 87.02 0.873767067 
100 1.044649576 101.03 0.973730575 97.67 0.980703624 
81.77 0.854209959 90.12 0.868579624 80.8 0.811312101 
96.83 1.011534185 101.39 0.977200267 101.34 1.017554063 
84.06 0.878132434 85.22 0.821353257 92.89 0.932707686 
95.94 1.002236804 121.3 1.169093524 118.46 1.189455834 
88.64 0.925977385 110.05 1.060665641 97 0.97397616 
85.64 0.894637897 109.85 1.058738034 96.33 0.967248696 
102.27 1.068363122 119.1 1.147889849 110.19 1.106416836 
102.83 1.074213159 112.3 1.082351218 109.33 1.097781584 
77.19 0.806365008 82.06 0.79089707 76.4 0.767131739 
103.06 1.076615854 118.86 1.145576721 107.61 1.080511078 
114.86 1.199884504 149.19 1.437898292 121.45 1.219478399 
92.56 0.966927648 93.26 0.89884305 89.14 0.895053968 
Average 95.7259 103.7556 99.5918 
Image#2 121.39 0.855745032 147.06 0.896938115 109.93 0.870079338 
177.65 1.252352788 203.75 1.242697816 159.94 1.265900931 
116 0.81774795 134.3 0.819113211 99.39 0.786656831 
152.25 1.073294185 162.67 0.99214554 120.21 0.951443985 
153.45 1.081753646 167.56 1.021970287 126.76 1.003286245 
147.86 1.042346655 166.34 1.014529348 125.34 0.99204716 
141.5 0.997511508 158.55 0.967017123 131.53 1.041040074 
178.67 1.25954333 202.25 1.233549121 163.11 1.290991002 
144.75 1.02042255 169.52 1.033924583 125.62 0.994263318 
84.94 0.598788887 105.78 0.645166012 85.75 0.678698292 
158.43 1.116860412 180.16 1.09881933 148.99 1.179233336 
151.1 1.065187201 169.75 1.035327383 131.36 1.03969455 
103.51 0.729699055 120.71 0.736226029 92.69 0.733627344 
129.22 0.910943018 147.6 0.900231645 112.71 0.892082618 
149.94 1.057009721 171.31 1.044842026 132.08 1.045393241 
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108 0.76135154 132.4 0.807524863 95.74 0.757767633 
156.07 1.100223471 181.7 1.108211991 138.59 1.096918908 
161.07 1.135471227 183.81 1.121081156 150.25 1.189206046 
139.29 0.981932 173.44 1.057833174 131.42 1.040169441 
137.56 0.969736276 163.87 0.999464496 121.58 0.962287328 
131.71 0.928496401 161.38 0.984277662 117.26 0.928095181 
152.65 1.076114005 172.82 1.054051713 128.92 1.020382319 
165.61 1.16747619 194.3 1.185061034 156.76 1.240731712 
Average 141.853 163.9578 126.345 
Image#3 114.01 0.818499922 129.36 0.790771399 99.58 0.824069653 
128.52 0.922670028 141.63 0.865777314 112.16 0.928174857 
135.38 0.9719193 147.76 0.903249706 109.93 0.909720596 
137.13 0.98448289 159.05 0.972264928 115.57 0.956394153 
117.56 0.843986061 152.6 0.932836391 108.44 0.89739017 
134.95 0.968832247 162.65 0.994271553 113.73 0.941167319 
161.65 1.16051673 190.02 1.161583034 142.02 1.175279897 
155.51 1.116436478 184.11 1.125455491 132 1.092359853 
159.66 1.146230133 193.71 1.184139825 139.52 1.154591263 
154.98 1.112631505 189.02 1.155470083 135.06 1.117682741 
158.31 1.136538221 181.25 1.10797245 140.26 1.160715098 
133.57 0.958924959 152.93 0.934853665 114.83 0.950270318 
125.95 0.9042195 154.38 0.943717445 114.3 0.945884327 
132.9 0.954114899 151.75 0.927640382 114.35 0.9462981 
Average 139.291 163.5871 120.839 
Image#4 171.95 1.086576 192.72 1.095606941 151.85 1.120193808 
133.94 0.846385516 160.75 0.91385853 110.6 0.815893547 
160.7 1.015485683 169.8 0.965307486 133.99 0.988441016 
168.84 1.066923476 183.13 1.041088103 148.3 1.094005543 
148.79 0.940224734 160 0.909594804 120.98 0.892466558 
192.11 1.213969848 208.46 1.18508833 167.79 1.237782806 
135.83 0.858328689 160.72 0.913687981 116.72 0.86104064 
170.96 1.080320052 188.91 1.073947215 154.28 1.13811986 
168.13 1.062436888 179.23 1.018916729 140.13 1.033735649 
139.74 0.883036523 150.67 0.856554057 123.85 0.913638479 
173.11 1.093906201 189.36 1.07650545 144.09 1.062948474 
163.28 1.031789062 175.05 0.995153565 135.61 1.000391717 
137.11 0.866417187 151.35 0.860419835 113.78 0.839352331 
- 1 0 0 -
175.06 1.106228523 197.23 1.121246145 153.29 1.130816653 
151.98 0.960382788 178.44 1.014425605 130.12 0.959892119 
140.46 0.887586304 168.62 0.958599224 123.53 0.911277847 
Average 158.249 175.9025 135.557 
Image#5 148.97 0.972312239 167.88 0.9770713 119.16 0.941771552 
157.64 1.028900459 171.29 0.996917697 125.33 0.990535654 
116.06 0.757511972 125.29 0.729195039 89.49 0.707277074 
154.39 1.007688035 162.77 0.947330805 127.61 1.008555452 
152.78 0.997179727 159.4 0.92771721 113.61 0.89790757 
172 1.122626738 187.53 1.091435436 140.89 1.113512873 
166.52 1.086859328 177.29 1.031838044 134.72 1.06474877 
148.4 0.968591906 172.03 1.00122454 116.46 0.920432317 
142.22 0.928255666 156.99 0.913690871 109.56 0.865898718 
154.39 1.007688035 174.47 1.015425481 124.38 0.983027405 
124.05 0.8096619 148.25 0.862823566 103.63 0.819031436 
127.24 0.83048271 162.57 0.946166794 124.02 0.980182174 
139.69 0.91174261 164.95 0.960018531 117.97 0.932366482 
167.22 1.091428157 184.6 1.074382666 147.91 1.168994883 
164.28 1.072239073 184.19 1.071996443 138.63 1.095651143 
171.48 1.11923275 188.36 1.096266084 149.45 1.18116615 
147.54 0.962978773 162.72 0.947039802 114.59 0.905652921 
176.19 1.149974447 199.31 1.159995716 148.4 1.172867558 
137.77 0.899210963 144.61 0.841638556 108.13 0.854596827 
160.37 1.046718895 177.63 1.033816864 132.84 1.04989034 
134.95 0.880805106 154.63 0.899955535 111.73 0.88304914 
169.18 1.104220881 187.19 1.089456616 139.75 1.104502974 
176.41 1.151410365 210.26 1.223725349 154.91 1.224318824 
167.35 1.092276654 199.46 1.160868725 143.49 1.134061765 
Average 153.212 171.8196 126.528 
Image#6 157.81 1.023048907 176.02 1.023967423 126.16 0.969197854 
162.85 1.055722163 184.1 1.070971495 130.24 1.000541602 
162.58 1.05397181 178.19 1.036591041 133.84 1.02819785 
172.1 1.11568796 189.63 1.103141361 158.84 1.220255129 
137.17 0.889244146 147.22 0.856428156 113.2 0.86963536 
161.26 1.045414529 169.19 0.98423502 132.19 1.015522069 
170.54 1.105574809 175.66 1.021873182 135.13 1.038108005 
163.23 1.058185623 169.52 0.986154741 129.67 0.996162696 
- 1 0 1 -
155.75 1.009694362 163.67 0.952123328 127.46 0.979184832 
171.9 1.114391402 194.09 1.129086678 147.66 1.134367114 
121.57 0.78811264 142.3 0.827806864 104.75 0.80472 
155.81 1.01008333 175.15 1.018906341 130.03 0.99892832 
158.05 1.024604777 168.48 0.980104712 129.88 0.997775977 
122.64 0.795049224 141.61 0.823792903 104.77 0.804873646 
171.74 1.113354156 186.86 1.087027341 141.64 1.088119721 
148.21 0.960814135 158.57 0.922454916 123.32 0.947380147 
164.42 1.065900142 176.96 1.029435718 138.18 1.061538993 
170.1 1.102722382 185.14 1.077021524 140.12 1.076442638 
137.57 0.891837261 166.18 0.96672484 121.59 0.934089783 
159.63 1.034847583 181.76 1.05735893 133.48 1.025432225 
136.9 0.887493793 184.37 1.072542176 136.9 1.051705661 
150.83 0.977799041 165.62 0.963467132 122.25 0.939160095 
156.73 1.016047496 170.32 0.99080861 131.11 1.007225195 
168.49 1.092285092 180.5 1.050029087 138.92 1.067223889 
142.63 0.924640173 154.18 0.896916812 115.81 0.88968614 
151.39 0.981429403 165.7 0.963932519 126.84 0.974421812 
123.4 0.799976143 166.25 0.967132054 123.4 0.94799473 
150.46 0.975400409 173.68 1.010354857 128.99 0.990938738 
162.83 1.055592507 184.52 1.073414776 140.4 1.07859368 
145.04 0.940263694 157.89 0.918499127 124.51 0.956522073 
150.27 0.97416868 157.73 0.917568354 120.45 0.925331971 
162.68 1.054620089 170.55 0.992146597 129.81 0.997238216 
159.14 1.031671017 172.94 1.006050029 134.94 1.03664837 
139.01 0.901172477 148.73 0.865212333 113.84 0.874552026 
171.33 1.110696213 202.35 1.177137871 152.81 1.173930913 
159.36 1.03309723 185.59 1.079639325 138.58 1.06461191 
152 0.985383904 189.08 1.099941827 134.56 1.033729099 
Average 154.255 171.9 130.169 
Image#7 153.32 1.121344677 191.65 1.160072443 137.95 1.144962456 
138.25 1.011126413 170.75 1.033563108 120.91 1.00353324 
122.06 0.892716745 151.4 0.916436044 109.15 0.905927162 
116.31 0.850662663 140.69 0.851607577 104.39 0.86641994 
93.83 0.686249485 122.94 0.744165438 86.93 0.721504794 
130.54 0.954737374 145.66 0.881691375 108.35 0.899287293 
150.23 1.098745179 174.4 1.055656844 126.65 1.051174302 
- 1 0 2 -
111.47 0.815264096 141.32 0.855421016 102.08 0.847247318 
144.21 1.054716384 179.31 1.085377458 130.52 1.08329467 
146.99 1.075048618 170.63 1.032836739 124.73 1.035238616 
155.56 1.137727485 185.42 1.122361766 135.76 1.126785814 
133.37 0.975435296 157.48 0.95323876 118.68 0.985024605 
135.31 0.989623978 164.64 0.9965788 117.38 0.974234817 
128.48 0.939671042 155.3 0.940043049 110.58 0.917795929 
137.4 1.004909723 168.9 1.022364913 123.23 1.022788861 
149.63 1.094356927 187.53 1.135133761 139.94 1.16147913 
135.74 0.992768892 162.39 0.982959374 122.38 1.015734 
131.84 0.964245254 156.04 0.944522327 112.96 0.93754954 
131.98 0.965269179 148.56 0.899245302 107.25 0.890157473 
153.78 1.124709004 181.05 1.095909814 126.9 1.053249262 
165.18 1.208085793 195.12 1.181076625 145.82 1.21028217 
156.67 1.145845751 185.62 1.123572381 143.43 1.19044556 
122.61 0.896739309 162.92 0.986167506 115.17 0.955892178 
Average 136.729 165.2052 120.484 
Sample#2 
Image#l 73.04 0.753936542 52.52 0.690347932 52.52 0.657316634 
95.15 0.982161308 65.74 0.864117918 71.07 0.889480068 
85.09 0.878319556 65.68 0.863329249 62.5 0.782221813 
77.31 0.798012514 50.39 0.662350196 59.94 0.750182007 
87.74 0.905673496 62.8 0.825473155 67.46 0.844298936 
69.54 0.717808695 50.6 0.665110536 52.17 0.652936192 
90.54 0.934575773 64.32 0.84545276 70.47 0.881970738 
103.29 1.066184356 80.59 1.059313401 82.28 1.029779372 
90.08 0.929827542 69.33 0.91130659 68.42 0.856313863 
96.7 0.998160783 76.08 1.00003181 76.91 0.962570874 
94.24 0.972768068 79.78 1.048666375 75.61 0.94630066 
107.41 1.108711993 81.71 1.074035215 86.94 1.088101831 
96.53 0.996406002 67.94 0.893035767 83.74 1.048052074 
105.36 1.087551397 86.94 1.14278083 84.57 1.058439979 
108.15 1.116350452 97.53 1.281980841 94.85 1.187099823 
82.21 0.848591499 56.95 0.748577965 66.91 0.837415384 
96.51 0.996199557 75.01 0.985967219 77.96 0.9757122 
102.8 1.061126458 76.97 1.011730394 80.62 1.009003561 
77.11 0.795948066 50.85 0.668396655 62.8 0.785976478 
- 1 0 3 -
102.89 1.06205546 80.55 1.058787622 85 1.063821665 
84.62 0.873468102 71 0.933257867 66.19 0.828404189 
114.89 1.185922361 101.55 1.334821639 98.11 1.227900513 
109.38 1.129046809 106.39 1.398440907 98.15 1.228401135 
105.88 1.092918963 84.92 1.116228986 92.78 1.161192637 
86.3 0.890809468 63.48 0.8344114 74.12 0.927652492 
114.35 1.180348351 88.26 1.160131539 106.82 1.336910945 
104.66 1.080325828 90.49 1.189443723 85.2 1.066324775 
101.45 1.047191432 75.55 0.993065237 82.96 1.038289945 
98.16 1.013231256 83.65 1.0995355 84.63 1.059190912 
112.69 1.163213429 90.7 1.192204063 101.67 1.272455867 
103.48 1.068145582 87.4 1.148827289 89.09 1.115010261 
108.06 1.11542145 89.92 1.181951371 97.1 1.215259808 
111.37 1.14958807 84.97 1.11688621 97.16 1.216010741 
Average 96.8782 76.07758 79.9006 
Image#2 90.66 0.836141685 57.02 0.645995271 75.93 0.804857681 
90.24 0.832268097 64.99 0.736289594 70.95 0.752069702 
90.86 0.837986251 52.84 0.598638901 79.46 0.842275666 
108.36 0.99938576 63.35 0.717709583 95.33 1.0104976 
111 1.023734028 77.07 0.873147239 83 0.879799652 
110.84 1.022258376 92.45 1.047391491 97.45 1.032969591 
111.88 1.031850118 81.51 0.92344922 92.16 0.976895613 
97.35 0.897842411 72.05 0.816274277 84.19 0.892413647 
101.01 0.931597966 98.4 1.114800678 79.59 0.843653666 
105.45 0.972547327 81.37 0.921863122 91.3 0.967779617 
93.47 0.862057835 97.31 1.102451768 76.03 0.805917681 
120.26 1.109137426 114.67 1.299127986 105.39 1.117133558 
121.36 1.119282538 108.63 1.230699164 114.61 1.214865519 
99 0.913060079 77.95 0.883117001 87.4 0.926439633 
115.57 1.065882357 88.34 1.00082817 101.25 1.073249575 
118.76 1.095303182 122.87 1.392028042 108.44 1.149463545 
119.3 1.10028351 104.43 1.183116208 105.94 1.122963555 
114.41 1.055183876 95.68 1.08398505 101 1.070599576 
113.26 1.044577622 104.53 1.184249135 105.07 1.113741559 
110.3 1.017278048 73.28 0.830209286 95.94 1.016963597 
113.05 1.042640828 93.83 1.063025891 98.05 1.039329588 
109.17 1.006856251 77.23 0.874959923 91.72 0.972231615 
- 1 0 4 -
113.09 1.043009741 81.54 0.923789099 93.91 0.995445606 
111.04 1.024102942 104.6 1.185042185 103.68 1.099007565 
103.1 0.950873679 100.64 1.140178255 99.91 1.059045581 
110.59 1.019952668 103.19 1.169067907 106.07 1.124341555 
120.73 1.113472155 112.18 1.27091809 112.71 1.194725527 
108.84 1.003812718 76.45 0.866123088 85.39 0.905133642 
111.42 1.027607617 81.34 0.921523244 93.98 0.996187606 
Average 108.427 88.2669 94.3397 
Image#3 72.71 0.698261788 71.56 0.805431462 62.51 0.668538274 
91.43 0.878037069 86.23 0.970547163 76.07 0.813561135 
98.65 0.947373475 75.57 0.850565338 83.18 0.889601882 
105.29 1.011139921 77.63 0.87375132 92.58 0.990133954 
111.44 1.070200711 77 0.866660461 94.97 1.015694768 
101.49 0.974647076 77.61 0.873526213 80.41 0.859977006 
107.4 1.031403054 81.52 0.917534556 90.94 0.972594316 
101.66 0.97627965 89.8 1.010728694 92.17 0.985749044 
118.41 1.137136272 116.48 1.311020916 104.7 1.119756156 
109.18 1.048497071 121.77 1.370561615 95.99 1.026603567 
111.12 1.067127629 112.12 1.261947674 99.11 1.059971659 
99.79 0.958321329 98.64 1.110225817 88.94 0.951204513 
95.25 0.914721982 79.16 0.890971975 87.68 0.937728938 
111.37 1.069528474 92.85 1.045057452 104.46 1.11718938 
100.75 0.967540574 98.35 1.106961771 91.74 0.981150237 
107.68 1.034092 67.57 0.760522693 104.26 1.1150504 
110.2 1.058292519 91.41 1.028849776 103.49 1.106815326 
101.8 0.977624124 88.85 1.00003613 92.41 0.98831582 
107.59 1.033227696 90.23 1.015568486 96.22 1.029063394 
103.67 0.995582445 111.02 1.24956681 96.74 1.034624743 
93.58 0.898684337 77.19 0.868798974 88.91 0.950883666 
109.18 1.048497071 97.13 1.093230268 101.05 1.080719767 
109.01 1.046864496 86.44 0.972910783 101.17 1.082003155 
114.65 1.101027562 99.67 1.121818807 110.11 1.177615572 
115.79 1.111975415 95.15 1.070944713 105.05 1.123499372 
104.57 1.004225487 74.97 0.84381214 88.13 0.942541643 
106.6 1.02372035 90.89 1.022997004 99.58 1.064998262 
95.38 0.915970422 60.9 0.685449638 85.5 0.914414053 
Average 104.13 88.84679 93.5025 
- 1 0 5 -
Image#4 100.65 0.963827501 81.75 0.944492276 97.4 0.967112227 
108.52 1.039190864 90.19 1.04200316 101.79 1.010701782 
98.93 0.947356728 80.46 0.929588361 88.9 0.882713316 
102.15 0.978191547 79.51 0.91861261 95.35 0.946757195 
99.35 0.951378661 76.8 0.887302835 89.09 0.88459988 
89.1 0.853224345 100.32 1.159039328 86.68 0.860670306 
103.4 0.990161586 91.03 1.051708035 98.25 0.975552118 
109.52 1.048766895 94.06 1.086714905 103.95 1.032149035 
92.59 0.886644693 61.36 0.708917994 81.61 0.810328838 
103.08 0.987097256 88.08 1.017625439 97.21 0.965225663 
103.25 0.988725181 82.47 0.95281074 97.39 0.967012934 
108.08 1.03497741 98.78 1.141247058 101.29 1.00573714 
92.95 0.890092064 76.08 0.878984371 88.64 0.880131702 
105.38 1.009122127 99.04 1.144250948 97.08 0.963934856 
118.81 1.137728221 91.63 1.058640088 114.94 1.141271862 
113.14 1.083432126 89.6 1.035186641 109.19 1.084178481 
108.86 1.042446714 70.64 0.816133754 100.77 1.000573913 
103.25 0.988725181 93.77 1.083364412 106.24 1.054887094 
106.64 1.021187926 110.55 1.277230839 105.54 1.047936596 
106.94 1.024060735 93.9 1.084866357 106.44 1.056872951 
107.76 1.03191308 89.2 1.030565272 106.87 1.061142543 
95.33 0.912883017 78.6 0.908098995 99.44 0.987367965 
106.82 1.022911611 93.56 1.080938193 106.7 1.059454565 
104.92 1.004717153 83.21 0.961360272 106.74 1.059851736 
109.33 1.046947449 80.48 0.929819429 111.73 1.109398861 
109.77 1.051160902 80.77 0.933169922 110.13 1.093512007 
111.02 1.063130941 81.13 0.937329154 109.87 1.090930394 
Average 104.427 86.55444 100.712 
Image#5 100.91 0.998318164 94.16 1.031249962 97.61 0.994582627 
93.09 0.9209537 79.59 0.87167783 92.67 0.94424723 
85.7 0.847843292 76.43 0.837069187 80.54 0.820650392 
89.97 0.89008706 82.59 0.904534138 84.07 0.856618804 
101.83 1.007419865 96.22 1.053811293 93.51 0.952806285 
99.59 0.985259201 90.49 0.991055747 89.86 0.915615151 
95.87 0.948456668 79.37 0.869268368 92.94 0.946998355 
120.73 1.194400475 123.31 1.350503747 126.59 1.289870042 
104.04 1.029283736 91.58 1.002993538 98.27 1.0013076 
- 1 0 6 -
106.33 1.051939058 89.91 0.984703527 101.11 1.030245359 
110.16 1.089829838 100.84 1.104410006 114.51 1.166782672 
104.74 1.036208943 91.19 0.998722218 106.02 1.080275076 
Average 101.08 91.30667 98.1417 
4hr 
Sample# 1 
Image# 1 104.2 0.868169828 127.4 0.897658478 118.07 0.86231892 
109.26 0.910328555 120.75 0.850802679 119.82 0.875099966 
136.31 1.135702776 165.72 1.16766062 157.79 1.152412149 
126.73 1.055884475 132.11 0.930845067 133.61 0.975814609 
129.06 1.075297486 144.09 1.015255967 146.12 1.06718083 
109.48 0.912161543 119.94 0.845095431 127.82 0.933527605 
127.35 1.061050169 152.89 1.077260634 143.29 1.046512053 
106.33 0.885916486 110.34 0.777453976 114.23 0.834273653 
117.85 0.981898409 133.84 0.943034621 132.61 0.968511154 
123.22 1.026639983 149.43 1.052881526 140.82 1.028472519 
140.41 1.169863009 175.94 1.239670586 166.02 1.212519582 
116.81 0.973233374 134.93 0.950714745 131.64 0.961426803 
123.19 1.02639003 146.07 1.029207017 137.46 1.00393291 
112.69 0.938906506 130.58 0.92006471 122.32 0.893358603 
121.73 1.014225654 144.98 1.021526893 136.34 0.995753041 
116.69 0.972233563 136.34 0.960649583 132.02 0.964202116 
127.94 1.06596591 165.96 1.169351657 151.09 1.103479001 
111.92 0.932491048 131.62 0.927392535 128.32 0.937179333 
131.01 1.091544426 149.32 1.052106468 149.43 1.091355266 
123.29 1.027223206 144.15 1.015678726 136.86 0.999550838 
118.57 0.987897279 154.11 1.085856735 142.04 1.037382734 
113.54 0.945988505 138.53 0.97608029 130.73 0.954780659 
118 0.983148174 146.2 1.030122995 137.17 1.001814909 
123.72 1.030805865 142.31 1.002714113 141.16 1.030955694 
116.23 0.968400951 139.01 0.979462363 134.66 0.983483237 
114.77 0.956236575 148.57 1.046821979 142.52 1.040888392 
120.31 1.002394549 146.84 1.034632425 142.92 1.043809774 
Average 120.023 141.9248 136.921 
Image#2 199.49 1.033207771 209.27 1.008441183 171.85 0.981271056 
180.03 0.932419645 177.95 0.857514735 151.07 0.862616342 
196.78 1.019172015 192.48 0.927532656 166.9 0.953006338 
- 1 0 7 -
180.28 0.933714457 189.68 0.91403987 152.14 0.868726089 
195.01 1.010004749 205.27 0.989165775 164.76 0.940786844 
104.42 0.54081686 209.68 1.010416913 185.67 1.060183863 
208.11 1.077852871 219.82 1.059280073 187.44 1.070290641 
202.61 1.049367018 200.65 0.966902678 174.5 0.996402672 
208.24 1.078526173 216.95 1.045449968 179.59 1.025466796 
203.84 1.055737491 214.47 1.033499214 172.31 0.983897676 
201.48 1.043514471 217.6 1.048582221 182.21 1.040427111 
196.46 1.017514656 209.78 1.010898798 175.6 1.002683721 
188.28 0.975148424 205.8 0.991719766 170.05 0.970992977 
198.58 1.028494657 218.6 1.053401074 188.77 1.077885 
199.01 1.030721733 216.13 1.041498509 187.95 1.073202764 
200.98 1.040924848 200.84 0.96781826 170.6 0.974133501 
202.46 1.048590132 202.7 0.976781325 174.17 0.994518358 
209.35 1.084275136 227.66 1.097059874 196.76 1.123508251 
Average 193.078 207.5183 175.13 
Image#3 209.5 1.085017744 229.34 1.089506881 193.81 1.114405856 
200.07 1.036178997 220.62 1.048081486 186.4 1.071798419 
169.92 0.880029666 173.54 0.82442236 141.14 0.811553803 
180.11 0.932804515 189.21 0.898864555 154.15 0.886361193 
204.78 1.060572475 227.45 1.080528212 199.74 1.148503306 
210.67 1.09107727 228.88 1.087321596 205.66 1.182543256 
202.22 1.047314024 224.48 1.066418874 191.96 1.103768372 
168.11 0.870655527 178.18 0.846465231 142.55 0.819661291 
189.65 0.98221296 199.54 0.947938445 162.21 0.932706124 
190.12 0.984647128 199.8 0.949173606 163.38 0.939433614 
198.87 1.029964099 213.24 1.013021921 180.13 1.035745972 
198.95 1.030378425 222.35 1.056300057 179.61 1.032755977 
198.99 1.030585588 227.89 1.082618484 178.79 1.028040984 
196.77 1.019088026 219.91 1.044708547 177.29 1.019415996 
200.58 1.038820329 228.55 1.085753892 187.06 1.075593413 
181.56 0.940314184 211.23 1.003473177 161.18 0.926783633 
188.72 0.977396413 202.59 0.962427832 170.72 0.981638552 
185.93 0.962946774 192.18 0.912973892 154.66 0.889293688 
Average 193.084 210.4989 173.913 
Image#4 199.07 0.991477784 221.91 0.985242452 160.97 0.955289462 
190.07 0.946652847 208.8 0.927036294 146.8 0.871196453 
- 1 0 8 -
190.64 0.94949176 207.84 0.922774058 146.22 0.867754396 
103.76 0.516781709 220.83 0.980447437 156.68 0.929830111 
204.11 1.016579748 219.77 0.975741218 174.29 1.034338078 
201.16 1.00188713 222.48 0.987773155 159.22 0.944903946 
232.45 1.157728491 243.73 1.082119521 188.58 1.119143236 
193.55 0.963985156 216.09 0.959402648 148.34 0.880335707 
216.55 1.078537771 236.72 1.05099632 191.18 1.134573146 
221.39 1.102643625 240.24 1.066624518 191.5 1.136472212 
204.76 1.019817104 225.33 1.000426668 166.1 0.985733861 
202.79 1.010005424 220.84 0.980491835 167.2 0.9922619 
197.62 0.984255988 220.15 0.977428353 161.04 0.955704883 
198.48 0.98853926 223.52 0.992390577 160.43 0.952084789 
209.89 1.045367318 225.77 1.002380192 175.14 1.039382471 
211.25 1.052140864 227.51 1.010105495 166.97 0.990896947 
225.39 1.122565819 238.47 1.058766021 200.65 1.190773626 
211.13 1.051543198 234.21 1.039852349 171.76 1.019323588 
Average 200.781 225.2339 168.504 
Image#5 203.29 1.047201059 228.2 1.05717158 193.83 1.104460177 
176.62 0.909816769 202.01 0.935842379 154.99 0.883146484 
204.71 1.054515858 226.72 1.050315252 198.58 1.13152609 
208.76 1.075378489 232.32 1.076258113 195.22 1.112380518 
189.8 0.977710468 206.41 0.956226055 163.45 0.931352298 
211.28 1.088359682 224.69 1.040910965 192.01 1.094089659 
205.87 1.060491328 224.49 1.039984434 185.2 1.055285688 
199.02 1.025205149 216.5 1.002969531 183.67 1.046567615 
196.04 1.009854374 205.79 0.95335381 168.21 0.958475192 
193.01 0.994246035 214.09 0.991804836 168.44 0.959785752 
187.09 0.963750534 209.73 0.971606465 159.26 0.907477314 
190.55 0.981573918 215.08 0.996391163 165.32 0.942007721 
204.02 1.050961484 225.1 1.042810353 187.37 1.067650536 
186.83 0.962411205 212.85 0.986060345 165.3 0.941893759 
186.08 0.958547755 212.61 0.984948508 167.41 0.953916722 
195.01 1.004548569 217.73 1.008667695 177.84 1.013347768 
196.23 1.010833114 214.03 0.991526876 175.25 0.998589724 
191.54 0.986673672 211.38 0.979250344 170.03 0.96884571 
184.56 0.950717829 203.9 0.944598094 166.34 0.94781977 
172.23 0.887202708 213.55 0.989303203 172.23 0.981381501 
- 1 0 9 -
Average 194.127 215.859 175.498 
Image#6 213.75 0.971735344 237.11 1.000803648 197.19 0.958645383 
230.04 1.045791806 211.17 0.891315028 251.08 1.220633312 
219.92 0.999784968 237.8 1.003716029 199.49 0.969826905 
192.45 0.87490277 214.64 0.905961347 160.67 0.781102255 
205.87 0.935911838 221.86 0.93643582 166.79 0.810854827 
214.67 0.975917784 231.81 0.97843319 187.89 0.913433141 
223.12 1.014332585 239.62 1.011397959 205.55 0.999287786 
226.36 1.029062047 245.31 1.035414546 212.47 1.032929583 
220.56 1.002694491 240.6 1.015534384 211.02 1.025880363 
204.45 0.929456333 231.11 0.975478601 187.08 0.9094953 
216.48 0.98414628 234.81 0.991095713 204.23 0.992870564 
200.05 0.90945336 222.53 0.939263784 182.33 0.886403026 
225.16 1.023606691 241.83 1.020726018 210.07 1.021261908 
230.99 1.05011063 243.8 1.029041076 214.39 1.042263723 
241.02 1.095708317 251.8 1.062807805 230.98 1.12291653 
240.67 1.094117171 254.53 1.074330701 230.3 1.119610689 
230.22 1.04661011 244.64 1.032586582 219.47 1.066960303 
229.06 1.041336599 246.1 1.03874901 213.71 1.038957882 
234.62 1.066613083 248.24 1.04778161 225.12 1.094427956 
221.4 1.006513241 240.4 1.014690216 198.43 0.964673682 
216.44 0.983964435 234.96 0.99172884 205.39 0.998509941 
205.26 0.933138698 225.25 0.950744472 192.59 0.936282338 
215.56 0.97996384 238.31 1.005868658 207.8 1.010226231 
217.44 0.988510565 236.51 0.998271143 205.48 0.998947478 
223.42 1.015696424 242.38 1.023047481 212.97 1.035360349 
220.17 1.000921501 242.79 1.024778026 215.62 1.048243407 
Average 219.967 236.9196 205.697 
Image#7 159.56 0.978449101 169.25 0.95776768 134.72 0.93700857 
162.76 0.998072046 162.44 0.919230617 134.74 0.937147674 
134.17 0.822753295 147.21 0.833045673 117.19 0.81508339 
166.76 1.022600727 176.04 0.996191565 150.27 1.045162394 
180 1.103790662 187.84 1.062966505 159.16 1.106994388 
167.99 1.030143297 182.88 1.034898395 155.38 1.080703619 
131.91 0.80889459 141.85 0.802714005 117.34 0.816126674 
162.63 0.997274863 180.22 1.019845739 134.37 0.934574239 
145.81 0.894131758 168.34 0.952618087 119.93 0.83414072 
- 1 1 0 -
177.47 1.088276271 192.54 1.089563303 154.89 1.077295556 
165.4 1.014260975 175.56 0.993475296 138.23 0.961421426 
157.46 0.965571543 165.81 0.938301087 135.52 0.942572753 
191.25 1.172777579 203.03 1.148925093 173.88 1.209375372 
165.49 1.014812871 183.78 1.039991398 142.77 0.99299817 
159.86 0.980288752 175.41 0.992626462 143.7 0.999466534 
168.09 1.030756514 177.2 1.002755881 150.25 1.04502329 
185.82 1.139479894 197.98 1.120347682 165.1 1.148308453 
165.17 1.012850576 174.39 0.986854391 146 1.015463563 
176.93 1.084964899 186.3 1.054251809 153.97 1.070896745 
194.9 1.195160001 212.14 1.200477611 192.53 1.339090409 
135.1 0.828456214 146.33 0.828065847 120.58 0.838661619 
162.95 0.999237158 176.01 0.996021798 140.71 0.978670397 
144.68 0.887202406 153.15 0.866659499 124.23 0.864048208 
162.56 0.996845612 182.79 1.034389094 144.43 1.004543852 
149.05 0.91399999 169.89 0.961389371 129.4 0.900006747 
168.39 1.032596165 201.81 1.142021243 160.06 1.113254095 
160.85 0.9863596 181.06 1.024599209 142.62 0.991954886 
Average 163.074 176.713 143.777 
Sample#2 
Image# 1 105.25 0.925386178 113.92 0.905994339 78.65 0.784495614 
118.18 1.0390702 119.66 0.951643984 83.19 0.829779912 
99.81 0.877556242 110.1 0.875614262 83.28 0.830677619 
104.59 0.919583282 100.83 0.801890881 90.08 0.898504321 
114.29 1.004868279 111.44 0.886271148 94.53 0.942890914 
110.6 0.972424811 106.43 0.84642712 87.26 0.870376189 
111.25 0.978139785 111.37 0.885714445 95.08 0.948376897 
119.36 1.049445076 125.4 0.997293628 106.48 1.062086369 
119.54 1.051027684 131.94 1.049305593 105.19 1.049219245 
111.37 0.979194857 120 0.95434797 85.31 0.850925884 
116.71 1.026145567 132.08 1.050418999 106.67 1.063981527 
120.23 1.057094349 131.37 1.04477244 103.53 1.03266155 
132.28 1.163041175 146.41 1.164384052 118.46 1.18158106 
127.86 1.124179352 140.84 1.1200864 112.13 1.11844238 
120.4 1.058589034 134.14 1.066801972 111.33 1.110462768 
110.8 0.974183264 107.98 0.858754115 90.18 0.899501773 
116.15 1.021221897 117.36 0.933352314 98.17 0.979198149 
- I l l -
151.59 1.332819865 163.25 1.298310884 143.27 1.42904878 
121.12 1.064919467 131.37 1.04477244 114.01 1.137194468 
106.79 0.938926271 127.47 1.013756131 88.2 0.879752233 
117.34 1.031684695 129.77 1.0320478 102.48 1.022188309 
104.23 0.916418065 129.93 1.033320264 103.95 1.036850846 
95.32 0.83807896 107.99 0.858833644 87.56 0.873368543 
116.25 1.022101123 132.3 1.052168636 113.04 1.127519188 
134.07 1.178779334 149.71 1.190628621 118.38 1.180783099 
122.55 1.07749241 146.35 1.163906878 101.14 1.008822459 
94 0.826473166 113.65 0.903847056 79.46 0.792574971 
121.23 1.065886617 142.12 1.130266112 96.96 0.967128985 
104.54 0.919143668 124.35 0.988943083 100.7 1.004433672 
108.14 0.950795832 128.95 1.025526422 96.14 0.958949883 
117.81 1.035817061 134.81 1.072130415 100.83 1.005730359 
120.53 1.059732029 139.77 1.111576798 110.16 1.098792585 
117.38 1.032036386 135.36 1.07650451 114.64 1.143478413 
109.5 0.962753316 124.35 0.988943083 105.69 1.054206502 
100.44 0.883095371 108.48 0.862730565 87.86 0.876360898 
99.81 0.877556242 113.08 0.899313903 94.38 0.941394736 
99.46 0.874478948 116.56 0.926989994 100.27 1.00014463 
101.21 0.889865417 117.24 0.932397966 101.07 1.008124243 
Average 113.736 125.7403 100.256 
Image#2 85.15 0.88075653 140.81 0.844354232 98.49 0.827226494 
89.36 0.924303036 151.38 0.907736266 105.21 0.883668387 
89.94 0.930302317 155.56 0.932801252 107.12 0.899710651 
93.72 0.96940108 153.75 0.921947753 110.61 0.92902348 
88.59 0.916338473 146.46 0.878233938 100.06 0.840413067 
76.65 0.792836031 133.21 0.79878153 91.7 0.770196665 
89.99 0.930819497 152.58 0.914931956 103.89 0.872581587 
89.15 0.922130883 157.16 0.942395505 106.99 0.898618769 
95.22 0.984916463 163.22 0.978733738 121.75 1.022589356 
88.15 0.911787294 148.02 0.887588335 104.2 0.875185305 
98.59 1.019774355 160.82 0.964342359 111.04 0.932635089 
115.21 1.191684789 179.17 1.074376449 125.16 1.051230257 
112.97 1.168515152 176.51 1.058426003 136.69 1.148071779 
113.66 1.175652228 185.17 1.110354897 131.14 1.101456822 
103.73 1.072940398 170.55 1.02268741 123.12 1.034096111 
- 1 1 2 -
96.2 0.995053179 171.58 1.028863711 122.66 1.030232529 
96.38 0.996915025 169.02 1.013512906 124.65 1.04694672 
91.36 0.944990212 156.83 0.94041669 122.97 1.032836247 
90.9 0.940232162 160.9 0.964822072 127.52 1.071052112 
104.32 1.079043115 180.47 1.082171779 135.02 1.134045296 
98.01 1.013775074 175.86 1.054528338 131.94 1.108176095 
107.91 1.116176596 175.89 1.05470823 131.42 1.103808568 
99.77 1.031979789 167.85 1.006497108 119.6 1.00453131 
86.27 0.892341349 154.75 0.927944161 101.25 0.850407986 
107.47 1.111625417 178.49 1.070298891 126.84 1.06534073 
93.41 0.966194568 168.8 1.012193696 125.78 1.056437693 
106.66 1.103247111 184.48 1.106217376 141.65 1.189731271 
90.36 0.934646624 172.62 1.035099975 130.74 1.098097186 
92.71 0.958954056 178.62 1.071078424 127 1.066684585 
83.46 0.863275866 154.23 0.924826029 109.88 0.922892143 
93.73 0.969504516 179.92 1.078873755 128.18 1.076595512 
87.49 0.904960526 163.21 0.978673774 115.8 0.972614763 
88.06 0.910856372 178.81 1.072217742 103.48 0.869137959 
84.05 0.869378583 161.9 0.97081848 112.56 0.945401708 
94.29 0.975296926 165.22 0.990726555 117.29 0.985129409 
88.63 0.916752217 174.06 1.043734803 120.65 1.013350355 
97.97 1.01336133 179.96 1.079113611 126.56 1.062988985 
112.53 1.163963973 185.87 1.114552383 134.31 1.128081942 
99.61 1.030324815 183.15 1.098242153 126.62 1.06349293 
105.5 1.091248549 173.8 1.042175737 120.88 1.015282146 
Average 95.6783 166.7665 119.061 
Image#3 91.5 1.075973742 156.3 1.016309062 101.03 0.940483228 
79.62 0.936273544 140.44 0.913182627 92.7 0.862939673 
81.19 0.954735607 143.62 0.933859933 97.75 0.909949871 
83.05 0.97660786 139.57 0.907525629 98.3 0.915069794 
90.21 1.060804276 149.75 0.973719015 108.94 1.014117023 
88.77 1.043870918 153.18 0.996021895 195.74 1.822133891 
85.87 1.009769018 151.79 0.986983701 108.7 1.011882875 
84.68 0.99577548 144.87 0.941987804 98.94 0.921027522 
85.13 1.001067154 138.43 0.90011301 87.18 0.811554269 
83.19 0.978254159 154.12 1.002134054 105.63 0.983304398 
87.9 1.033640348 156.57 1.018064682 106.55 0.991868632 
- 1 1 3 -
88.79 1.044106104 150.53 0.978790807 104.73 0.974926343 
86.93 1.022233851 146.22 0.950765906 101.39 0.94383445 
78.64 0.924749454 130.48 0.848419747 89.4 0.832220138 
82.11 0.965554141 141.34 0.919034695 104.93 0.976788133 
87.6 1.030112566 147.34 0.958048479 96.29 0.896358804 
104.28 1.226257287 157.55 1.024436934 102.7 0.956029174 
84.42 0.992718068 155.99 1.01429335 105.31 0.980325534 
99.8 1.173575731 172.41 1.121061071 142.05 1.32233636 
90.21 1.060804276 158.09 1.027948174 109.81 1.022215809 
86.76 1.020234774 153.66 0.999142997 104.81 0.975671059 
85.04 1.000008819 145.13 0.943678402 107.61 1.001736119 
76.91 0.904405907 137.84 0.896276655 103.59 0.96431414 
77.15 0.907228133 145.99 0.949270377 103.78 0.96608284 
92.25 1.084793198 165.64 1.077040518 121.21 1.12833784 
95.19 1.119365469 165.9 1.078731116 116.16 1.081327642 
89.23 1.049280185 167.76 1.090825389 120.73 1.123869544 
85.72 1.008005127 161.54 1.0503811 108.28 1.007973116 
84.88 0.998127335 161.86 1.052461835 105.49 0.982001145 
75.97 0.893352187 149.58 0.972613624 96.06 0.894217746 
90.44 1.063508909 167.13 1.086728941 107.16 0.997547092 
72.31 0.850313238 156.14 1.015268694 101.54 0.945230792 
68.87 0.809861329 136.15 0.885287772 99.22 0.923634028 
85.73 1.00812272 156.74 1.019170073 108.51 1.010114174 
82.66 0.972021743 160.78 1.045439354 106.91 0.995219854 
87.73 1.031641272 168.95 1.098563122 112.65 1.048653228 
83.65 0.983663426 175.45 1.140828055 109.04 1.015047918 
76.11 0.894998486 166.99 1.08581862 103.04 0.959194217 
79.22 0.931569834 158.68 1.031784529 100.03 0.931174278 
81.86 0.962614322 161.17 1.04797525 103.05 0.959287307 
Average 85.0393 153.7918 107.424 
Image#4 97.76 0.983285455 120.26 1.003277797 103.02 0.860970267 
97.99 0.985598831 111.52 0.930363711 105.87 0.884788606 
98.2 0.987711044 111.3 0.928528345 112.49 0.94011401 
93.93 0.944762712 102.22 0.852777785 108.02 0.902756826 
105.28 1.058922798 115.76 0.96573622 108.93 0.91036198 
96.54 0.971014503 114.12 0.9520544 100.65 0.841163438 
93.93 0.944762712 108.59 0.905919973 108.01 0.902673253 
- 1 1 4 -
101.88 1.024725063 116.15 0.968989823 119.86 1.001707399 
101.43 1.020198892 120.8 1.007782786 122.14 1.02076207 
110.57 1.112130449 132.62 1.106391996 120.84 1.009897564 
101.24 1.018287842 118.65 0.989846255 123.52 1.03229516 
83.89 0.843778813 96.08 0.801554388 111.16 0.928998786 
94.87 0.95421738 102.67 0.856531942 109.76 0.917298549 
93.17 0.937118513 112.23 0.936286938 115.28 0.963430911 
98.05 0.98620232 113.85 0.949801906 117.27 0.980061961 
98.35 0.989219768 123.37 1.029223198 130.64 1.091799221 
99.79 1.003703514 125.86 1.049996204 134.22 1.121718397 
89.81 0.903323105 108.71 0.906921082 111.66 0.933177442 
98.03 0.986001157 121.82 1.01629221 120.61 1.007975383 
99.54 1.001188975 125.21 1.044573532 135.64 1.13358578 
92.08 0.926155122 113.18 0.944212382 119.74 1.000704521 
106.64 1.072601891 132.05 1.101636729 121.11 1.012154039 
125.78 1.265115022 164.44 1.37185266 150.99 1.261870517 
106.53 1.071495494 132.35 1.104139501 134.65 1.125312041 
108.2 1.088292617 148.54 1.239205754 132.39 1.106424516 
88.87 0.893868437 108.92 0.908673022 117.92 0.985494214 
100.89 1.014767487 129.68 1.081864832 133.81 1.118291899 
100.57 1.011548877 125.33 1.045574641 120.16 1.004214592 
Average 99.4218 119.8671 119.656 
12hr 
Image# 1 95.67 0.920877852 96.75 0.909461787 95.18 0.79297437 
97.4 0.93753008 99.18 0.932304083 99.66 0.830298653 
99.11 0.953989797 108.56 1.020477225 105.43 0.878370329 
92.9 0.894215035 93.18 0.875903352 101.06 0.841962491 
108.1 1.040523631 101.19 0.951198328 120.7 1.005589478 
106.03 1.02059871 95.38 0.89658362 121.46 1.011921276 
102.61 0.987679276 95.06 0.893575581 116.18 0.967931943 
97.57 0.939166426 83.49 0.784816171 107.77 0.897865601 
99.43 0.957069978 93.87 0.882389436 109.5 0.912278772 
109.85 1.05736837 107.98 1.015025155 127.51 1.062325719 
115.29 1.109731447 114.55 1.076783955 128.34 1.069240709 
108.98 1.048994128 113.94 1.071049881 122.11 1.017336629 
109.81 1.056983348 105.64 0.99302887 128.46 1.070240467 
103.99 1.000962557 102.22 0.960880453 130.99 1.091318689 
- 1 1 5 -
123.18 1.185677159 132.27 1.243354114 144.81 1.206457434 
104.85 1.009240543 114.63 1.077535965 112.45 0.936856146 
106.48 1.024930215 116.73 1.097276221 113.85 0.948519984 
107.59 1.035614592 115.47 1.085432067 125.24 1.043413639 
107.92 1.038791029 120.75 1.13506471 127.91 1.065658245 
103.66 0.99778612 106.84 1.004309016 124.42 1.036581962 
87.33 0.840600635 90.56 0.851275033 106.21 0.884868753 
101.57 0.977668688 103.3 0.971032585 120.89 1.007172427 
101.52 0.97718741 106.43 1.000454966 124.75 1.039331295 
107.21 1.031956877 117.19 1.101600277 135.22 1.126560142 
108.18 1.041293676 109.3 1.027433316 133.2 1.10973089 
102.78 0.989315622 100.62 0.945840258 125.2 1.043080386 
96.75 0.931273462 101.84 0.957308407 116.66 0.971930973 
100.9 0.971219559 105.37 0.990490837 124.54 1.03758172 
108.54 1.04475888 120.85 1.136004723 138.76 1.15605299 
100.3 0.96544422 104.09 0.978458681 115.06 0.958600873 
108.5 1.044373857 111.63 1.049335599 122.13 1.017503255 
100.48 0.967176822 95.35 0.896301616 115.28 0.960433761 
Average 103.89 105.7566 120.029 
Image#2 108.9 0.962059178 107.46 0.913889746 120.48 0.89215565 
100.21 0.885288799 105.87 0.900367648 120.46 0.89200755 
90.43 0.798888994 87.3 0.742439744 112.76 0.83498897 
122.24 1.079909218 135.24 1.150143768 153.36 1.135632392 
105.56 0.932552496 114.09 0.970274346 125 0.925626297 
117.44 1.037504406 120.86 1.02784957 139.36 1.031962246 
106.39 0.939884995 102.78 0.874088853 131.69 0.975165817 
108.38 0.957465323 121.14 1.03023082 135.85 1.00597066 
104.6 0.924071533 131.99 1.122504259 131.67 0.975017716 
102.39 0.904547651 120.52 1.024958052 132.07 0.977979721 
109.76 0.969656707 132.25 1.124715419 140.42 1.039811557 
118.21 1.044306845 133.09 1.131859169 148.31 1.098237089 
113.01 0.998368298 98.95 0.841516754 141.1 1.044846964 
116.24 1.026903203 112.42 0.95607189 138.69 1.027000889 
110.66 0.977607609 131.18 1.115615642 143.4 1.061878488 
111.02 0.98078797 107.51 0.91431497 152.14 1.126598279 
104.33 0.921686263 130.82 1.112554035 132.23 0.979164522 
133.3 1.177616973 119.95 1.020110507 131.92 0.976868969 
- 1 1 6 -
107.63 0.950839571 120.7 1.026488855 134.92 0.999084 
Average 110.037 117.5853 135.044 
lmage#3 101.22 0.932804357 114.6 0.984783971 99.68 0.867382989 
110.1 1.014639001 127.64 1.096839668 111.09 0.966669103 
112.24 1.034360413 122.99 1.056881157 115.31 1.003390173 
99.48 0.91676919 112.92 0.970347347 98.29 0.85528766 
106.06 0.977407925 100.52 0.863791315 110.58 0.962231249 
105.83 0.975288333 115.78 0.99492398 108.15 0.941086178 
115.69 1.066154279 134.33 1.154328366 117.07 1.018705121 
103.44 0.953263018 113.41 0.974558029 107.9 0.938910759 
114.15 1.051962234 120.65 1.036773002 124.08 1.079703865 
102.04 0.94036116 125.65 1.079739144 110.88 0.964841751 
103.29 0.951880676 130.03 1.117377484 115.99 1.009307312 
100.61 0.927182833 119.28 1.025000279 121.34 1.055861274 
106.18 0.978513798 118.13 1.015118067 114.82 0.999126352 
103.99 0.958331605 116.44 1.000595511 109.03 0.948743652 
110.67 1.019891901 128.95 1.108096798 123.53 1.074917943 
116.83 1.076660078 110.06 0.945770714 124.93 1.087100289 
107.25 0.988374504 105.17 0.903749827 113 0.983289303 
111.07 1.023578146 115.12 0.989252449 121.37 1.056122325 
107.05 0.986531381 112.08 0.963129035 110.47 0.961274064 
107.91 0.994456809 109.83 0.943794271 107.54 0.935778156 
101.81 0.938241569 90.85 0.780694797 101.28 0.881305669 
108.42 0.999156771 101.14 0.869119117 110.03 0.957445327 
112.97 1.041087811 105.83 0.909421358 113.71 0.989467492 
116.37 1.072420895 119.62 1.027921977 128.57 1.118774386 
111.48 1.027356547 124.83 1.072692697 121.31 1.055600224 
123.01 1.133612566 119.36 1.025687738 138.49 1.205095005 
110.65 1.019707589 126.8 1.089621357 124.41 1.082575417 
Average 108.511 116.3707 114.92 
Image#4 111.91 0.944796401 125.74 0.876143519 129.78 0.896572878 
114.21 0.964214074 146.43 1.020309333 119.39 0.824794544 
140.06 1.182451827 187.13 1.303902789 158.08 1.092080756 
132.93 1.122257043 172.42 1.201405007 153.7 1.06182194 
134.06 1.13179703 165.25 1.151445177 147.13 1.016433715 
132.5 1.118626782 165.67 1.154371694 147.08 1.016088295 
125.57 1.060120491 157.03 1.094169054 151.77 1.048488717 
- 1 1 7 -
123 1.038423353 151.67 1.056821119 152.44 1.053117349 
116.59 0.984307144 135.57 0.944637958 148.79 1.027901669 
115.81 0.97772202 153.87 1.072150495 147.94 1.022029524 
108.55 0.916429715 146.05 1.017661532 133.39 0.921512222 
114.3 0.964973896 123 0.857051478 149 1.029352434 
119.57 1.009465693 127.38 0.887570872 151.21 1.04462001 
104.85 0.88519259 126.93 0.884435318 144.87 1.000820719 
110.84 0.935762963 137.04 0.954880769 152.34 1.052426508 
103.16 0.870924822 111.44 0.776502575 136.68 0.944240877 
105.72 0.892537535 107.14 0.746540613 137.18 0.94769508 
Average 118.449 143.5153 144.751 
Image#S 120.2 1.040965725 133.03 1.032713328 127.67 0.939088348 
123.24 1.067292978 146.41 1.136582412 134.18 0.986973248 
121.68 1.05378294 131.35 1.019671469 127.49 0.937764342 
106.79 0.924831363 112 0.86945721 113.75 0.836698516 
118 1.021913108 120.7 0.936995404 137.92 1.014483159 
110.33 0.955488756 108.78 0.844460315 129.1 0.949606844 
99.42 0.861005095 96.41 0.748431872 112.53 0.827724695 
96.06 0.831906552 97.03 0.753244939 103.71 0.762848379 
113.7 0.984673901 118.56 0.920382561 131.25 0.965421365 
123.17 1.066686759 138.45 1.074788846 142.27 1.046479982 
107.07 0.927256241 131.57 1.021379332 120.21 0.884215637 
117.79 1.020094449 126.7 0.983573469 133.39 0.981162331 
125.92 1.09050253 134.54 1.044435474 147.49 1.084876169 
116.62 1.009961921 132.77 1.030694945 139.99 1.029709233 
107.06 0.927169638 117.73 0.913939262 134.43 0.988812146 
127.47 1.103925965 141.4 1.097689728 154 1.132761068 
112.78 0.976706443 140.33 1.089383306 139.85 1.028679451 
119.41 1.034124104 134.91 1.047307788 147.36 1.083919942 
117.28 1.015677706 126.78 0.98419451 142.92 1.051261116 
118.84 1.029187744 135.02 1.048161719 140.99 1.037064825 
119.2 1.032305445 123.5 0.958731835 139.14 1.023456981 
117.26 1.0155045 132.67 1.029918644 150.27 1.105324713 
115.92 1.003899724 140.48 1.090547758 144.46 1.062588727 
116.77 1.011260963 128.05 0.994053534 141.19 1.038535943 
108.41 0.938861017 122.62 0.951900385 132.72 0.976234084 
122.09 1.057333655 149.94 1.16398584 151.24 1.112459636 
- 1 1 8 -
115.73 1.002254271 127.55 0.990172028 133.77 0.983957455 
110.07 0.953237083 139.66 1.084182089 131.27 0.965568477 
115.37 0.99913657 135.47 1.051655074 144.62 1.063765621 
120.44 1.043044193 140.07 1.087364924 149.35 1.098557569 
Average 115.47 128.816 135.951 
Image#6 114.4 1.036667585 109.83 0.915967508 121.43 0.930632152 
99.35 0.900287802 103.16 0.8603406 105.87 0.811381256 
109.49 0.992174247 131.24 1.094524044 120.52 0.923657968 
104.42 0.946231025 98.66 0.822811202 127.72 0.978838331 
95.4 0.864493773 88.71 0.739829533 114.12 0.874608756 
111.74 1.012563251 114.48 0.954747886 134.62 1.031719512 
104.01 0.942515695 108.07 0.901289343 127.14 0.974393246 
122.97 1.114327036 131.58 1.097359598 144.41 1.106749478 
121.9 1.104630932 133.87 1.116457892 142.95 1.095560127 
100.81 0.913518 113.4 0.94574083 114.82 0.879973513 
112.27 1.017365994 123.52 1.030140277 131.69 1.00926417 
108.57 0.98383741 127.19 1.060747586 123.93 0.949792001 
101.8 0.922489162 116.95 0.975347355 121.07 0.927873134 
108.94 0.987190268 135.54 1.130385469 134.14 1.028040821 
122.12 1.106624523 140.78 1.174086368 143.66 1.101001524 
113.86 1.031774224 113.81 0.949160175 140.97 1.080385527 
113.27 1.026427774 136.22 1.136056578 143.87 1.102610951 
111.16 1.007307419 115.6 0.964088536 140.41 1.076093721 
113.12 1.025068507 114.44 0.954414291 133.24 1.021143276 
126.2 1.143596584 139.88 1.166580488 150.32 1.15204336 
114.15 1.03440214 115.35 0.962003569 134.62 1.031719512 
97.23 0.881076829 110.33 0.920137441 115.66 0.886411222 
122.83 1.113058387 157.98 1.317532067 145.94 1.118475305 
98.97 0.896844326 89.86 0.749420379 115.29 0.883575565 
109.86 0.995527106 127.2 1.060830984 133.62 1.024055573 
Average 110.354 119.906 130.481 
24hr 
Sample# 1 
Image# 1 151.13 1.024353213 143.88 0.991989211 143.37 1.014468757 
132.08 0.89523306 112.81 0.77777525 115.01 0.813796832 
164.38 1.114161193 176.94 1.219923346 144.28 1.020907807 
151.94 1.029843361 144.62 0.997091185 131.69 0.931822492 
- 1 1 9 -
151.84 1.029165565 163.12 1.124640535 155.9 1.10312952 
145.53 0.986396633 110.76 0.763641403 113.98 0.806508676 
151.23 1.025031009 137.49 0.947932977 129.22 0.914345071 
144.83 0.98165206 141.65 0.976614344 138.78 0.981990473 
135.45 0.918074788 132.39 0.912770723 126.58 0.895664751 
159.38 1.08027139 162.05 1.117263356 151.5 1.071995653 
155.05 1.050922819 168.58 1.162284829 140.84 0.996566784 
170.92 1.158489057 188.58 1.300176018 157.95 1.117635071 
147.37 0.998868081 162.39 1.119607507 144.32 1.021190842 
149.17 1.01106841 146.45 1.009708229 147 1.040154198 
135.58 0.918955923 101.61 0.700556184 121.61 0.860497632 
144.46 •0.979144215 124.55 0.858717378 138.6 0.980716815 
150.27 1.018524167 138.23 0.953034951 144.18 1.020200219 
152.87 1.036146865 139.76 0.963583627 155.23 1.098388681 
150.41 1.019473081 165.94 1.144083193 146.02 1.033219836 
142.11 0.963216007 134.37 0.926421951 143.84 1.01779442 
150.04 1.016965236 144.88 0.998883771 154.94 1.096336676 
130.49 0.884456103 116.96 0.806387671 123.42 0.873304973 
141.17 0.956844724 155.4 1.071414536 147.48 1.043550619 
131.09 0.888522879 131.49 0.90656562 133.71 0.946115767 
140.67 0.953455743 132.71 0.914976983 150.47 1.064707497 
158.02 1.071053363 175.46 1.209719398 164.75 1.165751048 
146.02 0.989717833 163.06 1.124226861 151.11 1.06923606 
Average 147.537 145.0419 141.325 
Image#2 119.36 0.844528501 128.22 0.932608117 115.13 0.765786829 
121.15 0.857193598 98.01 0.712875694 112.42 0.747761272 
120.4 0.851886993 108.73 0.79084761 118.53 0.788401918 
124.56 0.881320963 102.21 0.743424393 135.47 0.901078274 
133.3 0.9431606 130.62 0.950064516 141.17 0.938991806 
126.93 0.898089834 129.42 0.941336316 118.86 0.790596912 
137.58 0.973443626 122.42 0.890421819 137.49 0.914514298 
145.78 1.031462507 153.52 1.116627656 146.71 0.975841098 
147.54 1.043915341 148.74 1.081860328 159.51 1.060980258 
135.82 0.960990793 118.22 0.859873121 148.45 0.987414703 
121.32 0.858396429 90.43 0.657742568 128.16 0.852455832 
150.53 1.065071006 155.91 1.13401132 155.53 1.0345073 
142.77 1.010165333 150.53 1.094879893 150.26 0.999453912 
- 1 2 0 -
145.71 1.030967224 151.88 1.104699117 169 1.124102963 
149.71 1.059269118 168.46 1.22529374 156.25 1.039296378 
152.45 1.078655915 147.28 1.071241019 180.08 1.197801547 
157.07 1.111344602 155.4 1.130301836 178.43 1.186826578 
153.93 1.089127615 147.84 1.075314179 176.81 1.176051153 
151.51 1.07200497 153.85 1.119027911 159.49 1.060847228 
151.79 1.073986102 158.26 1.151104045 167.91 1.116852831 
146.37 1.035637037 142.58 1.037055571 163.75 1.089182604 
141.84 1.003585142 130.98 0.952682976 158.46 1.053996186 
159.26 1.126839888 153.17 1.114081932 170.23 1.132284304 
155.32 1.098962523 152.97 1.112627232 160.11 1.064971156 
Average 141.333 137.4854 150.342 
Image#3 122.23 1.064078914 117.24 1.002444549 135.59 1.044976613 
124.13 1.080619452 109.62 0.937290783 132.84 1.023782678 
109.85 0.956304252 99.83 0.85358273 108.94 0.839588113 
119.81 1.043011492 123.95 1.059817484 125.85 0.969911548 
116.5 1.014196134 117.92 1.008258796 125.84 0.969834479 
107.94 0.939676659 105.7 0.903773361 112.86 0.869799105 
111.46 0.970320181 98.62 0.843236791 124.81 0.961896387 
85.59 0.745107701 77.45 0.662225608 91.14 0.70240555 
116.7 1.015937243 119.25 1.019630778 130.26 1.003898913 
110.52 0.962136968 99.76 0.852984205 118.57 0.913805421" 
118.77 1.033957724 127 1.085896091 135.76 1.046286784 
113.2 0.985467832 112.91 0.965421477 129.94 1.00143271 
119.12 1.037004665 111.16 0.950458342 134.68 1.037963348 
110.23 0.959612359 123.8 1.05853493 123.8 0.954112433 
123.61 1.076092568 119.08 1.018177217 145.46 1.121043574 
122.95 1.070346907 122.9 1.050839603 145.9 1.124434604 
110.59 0.962746356 104.95 0.897360588 128.16 0.987714454 
114.22 0.994347489 112.94 0.965677988 135.1 1.04120024 
108.59 0.945335264 105.94 0.905825448 128.36 0.989255831 
112.26 0.977284618 111.19 0.950714853 130.39 1.004900809 
121.2 1.055112201 126.36 1.080423859 149.61 1.153027149 
108.62 0.94559643 118.46 1.012875992 127.62 0.983552736 
124.5 1.083840504 134.6 1.150878849 145.15 1.118654439 
120.62 1.050062985 154.2 1.318465962 147 1.132912178 
111.59 0.971451902 123.43 1.055371295 127.75 0.984554631 
- 1 2 1 -
118.16 1.028647341 142.46 1.218084702 136.22 1.049831951 
113.67 0.989559438 111.09 0.949859817 128.67 0.991644965 
114.74 0.998874373 130.18 1.113086245 124.86 0.962281731 
119.84 1.043272659 129.68 1.108811063 131.74 1.015305104 
Average 114.869 116.9541 129.754 
Image#4 157.18 0.979870207 199.46 0.977425997 155.96 0.920151652 
142.15 0.886172222 186.34 0.913133261 138.34 0.816195047 
159.39 0.993647489 203.39 0.996684416 166.7 0.983516801 
136.16 0.848830178 149.22 0.731231863 133.5 0.78763943 
143.45 0.894276506 166.67 0.816743161 143.4 0.846048646 
157.56 0.982239151 195.65 0.958755622 167.99 0.991127699 
166.96 1.040839354 213.21 1.04480596 179.23 1.057442809 
158.68 0.989221303 197.14 0.96605716 166.9 0.984696785 
179.91 1.121570485 221.47 1.085282942 193.7 1.142814663 
163.06 1.016526504 207.55 1.017069917 167.65 0.989121726 
165.65 1.03267273 210.96 1.033780148 179.11 1.056734819 
162.27 1.011601593 204.36 1.001437766 176.54 1.041572022 
152.95 0.953500115 196.1 0.960960784 154.57 0.911950762 
178.54 1.113029818 225.29 1.104002321 198.37 1.170367294 
158.97 0.991029182 207.34 1.016040842 155.75 0.918912668 
169.25 1.055115361 219.56 1.075923253 176.91 1.043754993 
169.12 1.054304933 219.97 1.077932401 179.55 1.059330784 
169.75 1.058232393 219.32 1.074747166 175.45 1.035141108 
186.97 1.165582979 238.09 1.166726941 206.75 1.21980863 
171.12 1.066773061 203.87 0.999036589 177.36 1.046409957 
168.99 1.053494505 216.49 1.060879144 186.05 1.097680269 
148.22 0.924012992 200.08 0.980464221 160.01 0.944046331 
169.09 1.054117911 216.39 1.060389108 183.44 1.082281476 
163.17 1.017212251 209.05 1.024420459 177.27 1.045878964 
154.22 0.961417377 187.55 0.919062698 159.36 0.940211382 
169.9 1.059167503 219.36 1.07494318 183.09 1.080216503 
136.21 0.849141881 178.1 0.872754287 148.01 0.873247281 
154.26 0.961666739 205.32 1.006142112 170.97 1.008709463 
138.71 0.864727042 200.63 0.98315942 153.39 0.904988855 
Average 160.409 204.0666 169.494 
lmage#5 128.21 _ 1.036314242 163.53 1.132071553 134.63 0.996124415 
134.1 1.083922782 155.46 1.076205245 141.98 1.050506904 
- 1 2 2 -
118.91 0.961142864 154.15 1.067136488 123.6 0.914513687 
119.05 0.962274476 128.16 0.88721513 127.8 0.945589395 
116.64 0.942794581 114.05 0.789535624 124.36 0.920136911 
119.47 0.965669312 133.67 0.925359289 129.65 0.959277505 
128.2 1.036233413 138.25 0.957065323 149.11 1.103261618 
112.94 0.912887688 107.81 0.746337884 114.58 0.847774905 
112.4 0.908522899 129.47 0.896283887 126.05 0.932641184 
122.23 0.987978237 147.79 1.023108022 141.9 1.049914986 
127.33 1.029201252 158.96 1.100434746 140.05 1.036226876 
110.37 0.892114522 135.91 0.94086617 122.11 0.90348921 
129.49 1.04666041 164.1 1.136017501 144.06 1.065896778 
131.29 1.06120971 148.66 1.029130784 144.57 1.069670257 
120.44 0.973509768 134.45 0.930759006 128.32 0.949436864 
129.84 1.049489441 142.26 0.984825409 146.53 1.084172254 
146.24 1.182049721 169.91 1.176238474 167.43 1.238810895 
113.55 0.917818284 131.66 0.911444632 137.16 1.01484383 
104.11 0.841515293 124.84 0.864231717 120.71 0.893130641 
126.98 1.026372221 134.48 0.930966688 146.99 1.087575784 
121.4 0.981269394 147.59 1.021723479 144.88 1.07196394 
117.97 0.953544896 152.98 1.059036912 140.01 1.035930917 
128.25 1.03663756 147.67 1.022277296 142.72 1.055982148 
123.18 0.995657034 153.71 1.064090494 139.72 1.033785214 
115.76 0.93568159 140.49 0.972572204 126.19 0.933677041 
132.92 1.074384908 158.76 1.099050204 145.68 1.077883123 
135.17 1.092571532 165.54 1.14598621 152.36 1.127308296 
137.11 1.108252443 159.8 1.106249827 149.08 1.103039648 
132.75 1.073010808 155.88 1.079112785 154.12 1.140330498 
127.97 1.034374336 136.64 0.945919752 148.55 1.09911819 
130.11 1.051671836 161.5 1.118018442 131.93 0.976147175 
128.29 1.036960878 155.18 1.074266885 125.57 0.929089674 
130.79 1.057168238 162.56 1.12535652 134.37 0.994200681 
121.9 0.985310866 146.23 1.012308587 126.39 0.935156836 
130.51 1.054905013 150.57 1.042353169 133.26 0.985987815 
103.34 0.835291427 124.98 0.865200897 96.21 0.711855678 
128.9 1.041891474 143.1 0.99064049 133.27 0.986061805 
113.31 0.915878378 135.89 0.940727716 114.71 0.848736772 
122.63 0.991211415 131.08 0.907429458 136.75 1.011810249 
- 1 2 3 -
114.64 0.926628693 130.36 0.902445103 118.79 0.878924603 
Average 123.717 144.452 135.154 
Image#6 108.53 0.914755693 120.08 0.942259901 129.64 0.90057797 
126.31 1.064616157 141.82 1.112852259 142.73 0.991511059 
126.19 1.063604726 150.71 1.182611507 137.5 0.955179504 
114.51 0.965158706 125.98 0.988556815 130.74 0.908219406 
136.52 1.150672139 145.77 1.14384765 160.18 1.112732022 
115.97 0.977464459 130.07 1.020650778 128.79 0.894673224 
124.3 1.047674676 129.91 1.019395268 151.8 1.054518173 
123.01 1.036801786 129.53 1.016413433 149.93 1.041527731 
121.28 1.022220312 114.63 0.899494108 140.87 0.978590086 
117.62 0.991371645 121.34 0.952147039 141.16 0.980604646 
123.24 1.038740363 118.89 0.932922049 143.13 0.994289763 
99.62 0.839656889 88.17 0.69186422 119.16 0.827775925 
117.03 0.986398772 101.52 0.796620796 146.15 1.015268979 
120.36 1.014466002 134.32 1.05400025 145.95 1.013879627 
112.26 0.946194362 121.52 0.953559487 136.62 0.949066355 
114.84 0.967940143 125 0.980866819 144.01 1.000402912 
121.1 1.020703164 128.31 1.006840173 148.03 1.028328887 
121.39 1.023147457 131.37 1.030851793 154.42 1.072718684 
129.49 1.091419098 137.28 1.077227176 166.06 1.153578971 
114.16 0.962208697 128.85 1.011077518 142.03 0.986648327 
119.36 1.006037404 117.15 0.919268383 140.14 0.973518951 
106.83 0.900427077 114.49 0.898395537 124.42 0.864315883 
120.11 1.012358853 128.27 1.006526295 146.8 1.019784373 
125.17 1.055007556 138.96 1.090410026 150.15 1.043056019 
124.51 1.049444682 134.63 1.056432799 160.63 1.115858064 
115.62 0.97451445 127.59 1.00119038 146.52 1.01783928 
110.05 0.927567161 125.55 0.985182633 140.55 0.976367122 
113.63 0.95774154 138.5 1.086800436 148.82 1.033816828 
118.67 1.000221672 140.73 1.1042991 157.98 1.09744915 
117.63 0.991455931 132.21 1.037443218 143.65 0.997902078 
Average 118.644 127.4383 143.952 
Sample#2 
Image# 1 80.64 0.972364658 56.04 0.846866857 94.92 0.895578154 
87.1 1.050259942 65.35 0.987557978 109.32 1.03144336 
87.03 1.049415876 79.27 1.197914628 121.49 1.14626833 
- 1 2 4 -
87.52 1.055324342 65.21 0.985442322 104.57 0.986626712 
87.52 1.055324342 68.07 1.028662151 111.85 1.055314122 
94.57 1.140333901 73.92 1.117066347 119.26 1.125228093 
83.01 1.00094234 56.5 0.853818298 93.07 0.878123249 
79.95 0.964044574 68.75 1.038938195 108.57 1.024367047 
76.24 0.919309047 63.29 0.956427612 102.81 0.970020965 
96.21 1.160109174 75.56 1.141849745 118.41 1.117208272 
79.87 0.963079926 61.39 0.927715138 97.21 0.917184496 
74.73 0.901101326 71.97 1.087598282 92.94 0.876896688 
84.35 1.017100185 79.03 1.194287789 118.48 1.117868728 
80.87 0.97513802 64.69 0.977584172 106.34 1.003326811 
96.61 1.164932411 72.05 1.088807228 108.2 1.020876066 
69.31 0.835746459 50.2 0.75861378 83.73 0.789999566 
72.91 0.879155596 58.77 0.888122148 95.08 0.897087767 
82.17 0.990813541 73.4 1.109208196 118.27 1.11588736 
91.94 1.108621115 78.19 1.181593854 123.44 1.164666743 
87.99 1.060991646 61.12 0.923634945 97.56 0.920486775 
94.19 1.135751825 72.18 1.090771766 110.15 1.03927448 
79.83 0.962597603 66.71 1.008110065 109.49 1.033047324 
93.77 1.130687426 75.14 1.135502777 122.07 1.151740679 
74.3 0.895916346 60.4 0.912754428 106.77 1.007383897 
71.75 0.865168207 52.67 0.795939996 88.11 0.831325233 
62.12 0.749048767 48.42 0.731714726 85.3 0.804812648 
82.66 0.996722007 68.39 1.033497936 114.25 1.077958323 
Average 82.9319 66.17333 105.987 
Image#2 87.46 1.023471863 91.17 1.126480939 117.57 1.132315338 
88.33 1.033652752 85.97 1.062230627 118.01 1.136552973 
83.54 0.977599353 69.29 0.856135398 92.69 0.89269634 
85.4 0.999365391 80.09 0.989578352 110.46 1.063839008 
79.03 0.924822563 64.16 0.792749995 87.09 0.838762803 
79.21 0.926928954 58.28 0.72009772 79.73 0.767878727 
78.3 0.916279978 60.08 0.742338212 82.28 0.792437748 
86.25 1.009312237 70.96 0.876769633 97.24 0.936517338 
87.85 1.02803571 91.7 1.133029528 115.91 1.116327897 
99.39 1.163078762 89.55 1.106464496 117.59 1.132507958 
82.67 0.967418465 82.31 1.017008293 98.81 0.95163799 
87.5 1.02393995 83.92 1.036901178 102.52 0.987368958 
- 1 2 5 -
77.82 0.910662936 72.26 0.892832211 97.6 0.939984494 
101.92 1.192685254 112.66 1.392007706 134.5 1.295367976 
93.41 1.09309978 80.11 0.989825469 105.42 1.015298826 
75.96 0.888896898 66.58 0.822651101 90.1 0.867752079 
99.49 1.164248979 108.71 1.343202181 131.9 1.270327405 
82.08 0.960514184 73.19 0.904323132 95.97 0.924285983 
70.8 0.828513697 69.41 0.857618098 90.7 0.873530672 
73.27 0.857418059 71.78 0.886901413 94.09 0.906179724 
74.29 0.869354273 73.67 0.91025393 93.21 0.897704454 
94.8 1.109365797 94.61 1.168984991 119.8 1.153792443 
89.07 1.042312358 86.18 1.064825352 102.87 0.990739804 
90.05 1.053780486 75.7 0.935336263 100.55 0.968395911 
97.1 1.13628079 108.35 1.338754083 118.14 1.137805001 
76.82 0.898960765 83.58 1.032700196 104.87 1.010001782 
Average 85.4542 80.93346 103.832 
Image#3 92.15 1.153592266 68.77 1.021686131 118.45 1.104375359 
79.76 0.998486372 63.2 0.938935052 112.82 1.051883732 
71.9 0.900089896 49.72 0.738668525 84.94 0.791942955 
76.03 0.951791861 56.04 0.83256203 98.5 0.918370391 
92.96 1.163732361 83.12 1.234877872 131.52 1.226234253 
84.65 1.0597025 60.37 0.896890966 103.3 0.963123466 
81.83 1.024399947 62.57 0.929575414 105.94 0.987737657 
84.78 1.061329922 73.5 1.091957694 112.27 1.046755775 
82.79 1.036417838 61.47 0.91323319 98.17 0.915293617 
63.09 0.789800717 41.35 0.614319057 71.63 0.667846407 
93.16 1.166236088 78.66 1.168617582 125.19 1.167216135 
78.36 0.980960282 67.06 0.996281401 107.48 1.002095936 
86.21 1.079231571 73.67 1.094483311 111.92 1.04349253 
81.14 1.015762089 67.07 0.996429967 101.17 0.943264289 
80.52 1.008000535 71.79 1.066552964 109.79 1.023633353 
70.26 0.879559334 58.97 0.876091772 100.37 0.935805443 
67.02 0.838998955 53.34 0.792449298 85.43 0.796511498 
84.04 1.052066132 74.69 1.109637009 105.1 0.979905869 
99.85 1.24998576 96.73 1.437075752 135.74 1.265579664 
73.43 0.919243409 54.49 0.809534351 88.08 0.821218925 
70.79 0.886194211 56.56 0.840287445 91.91 0.856928149 
64.12 0.802694912 46.81 0.695435914 78.89 0.735535433 
- 1 2 6 -
66.49 0.832364078 56.45 0.838653222 94.63 0.882288225 
76.75 0.960805279 74.7 1.109785575 118.78 1.107452133 
90.27 1.130057231 82.56 1.226558194 131.6 1.226980137 
62.28 0.779660622 48.29 0.717423634 83.14 0.775160552 
75.96 0.950915557 64.03 0.951266002 109.3 1.01906481 
84.11 1.052942436 76.4 1.13504174 120.01 1.118920108 
92.84 1.162230125 87.9 1.305892263 131.01 1.221479238 
85.03 1.064459581 83.33 1.237997751 126.78 1.182040591 
72.07 0.902218064 62.85 0.933735253 98.21 0.91566656 
85.44 1.069592222 86.03 1.278110482 129.87 1.210850383 
85.99 1.076477471 78.75 1.169954673 117.48 1.095331508 
Average 79.8809 67.3103 107.255 
Image#4 83.16 1.029049997 69.78 1.080252647 109.36 1.09329825 
78.53 0.97175681 61.78 0.956405969 98.33 0.983028684 
89.26 1.104533463 56.75 0.878537371 88.83 0.888054897 
77.56 0.959753701 53.93 0.834881417 88.25 0.882256497 
81.28 1.005786241 65.75 1.017864883 102.67 1.026416709 
79.35 0.981903767 56.65 0.876989287 90.96 0.90934902 
76.93 0.951957868 56.71 0.877918137 89.17 0.891453959 
82.28 1.018160579 73.59 1.139234628 106.64 1.066105755 
83.75 1.036350857 74.09 1.146975045 101.94 1.019118723 
70.13 0.867812365 57.06 0.88333643 86.92 0.868960167 
79.74 0.986729759 56.8 0.879311412 92.68 0.926544274 
82.31 1.018531809 65.58 1.015233141 98.96 0.989326946 
83.57 1.034123476 63.22 0.978698371 102.24 1.022117895 
94.3 1.166900129 93.34 1.444981113 133.37 1.333332 
77.18 0.955051452 72.96 1.129481702 111.79 1.117591545 
77.01 0.952947815 52.7 0.81583999 81.42 0.813975343 
89.47 1.107132074 66.09 1.023128367 103.29 1.032614998 
76.91 0.951710381 51.46 0.796643755 88.49 0.884655835 
75.52 0.93451005 55.75 0.863056536 82.36 0.823372749 
91.66 1.134231875 66.39 1.027772617 102.49 1.024617206 
74.15 0.917557207 50.25 0.777911945 78.95 0.789282158 
80.27 0.993288159 72.84 1.127624001 114.49 1.144584095 
67.44 0.834525395 55.31 0.856244969 88.49 0.884655835 
82.63 1.022491598 75.68 1.171589572 119 1.189671651 
85.92 1.063203172 90.44 1.400086693 139.6 1.39561481 
- 1 2 7 -
Average 80.8124 64.596 100.028 
Image#5 87.12 1.059093838 77.99 1.031531889 108.94 1.079276387 
90.12 1.095564011 75.98 1.004946697 102.48 1.015276705 
85.73 1.042195991 85.02 1.124513927 111.55 1.105133845 
79.34 0.964514521 65.39 0.864878449 88.39 0.875686065 
88.16 1.071736831 93.13 1.231780547 115 1.139313242 
68.43 0.831884657 62.16 0.822156972 84.25 0.834670788 
89.78 1.091430725 90.69 1.199507976 119.2 1.180922943 
76.86 0.934365844 67.23 0.889215142 92.65 0.91789019 
82.26 1.000012157 68.69 0.908525778 96.6 0.957023123 
74.79 0.909201425 69.78 0.922942624 90.32 0.894806713 
Average 82.259 75.606 100.938 









Image# 1 111.35 0.99973514 114.92 0.910513451 113.62 0.957695193 
104.78 0.940747624 110.96 0.879138292 107.69 0.907711629 
108.8 0.976840442 128 1.014146552 120.73 1.017624896 
102.4 0.919379239 103.31 0.81852719 106.09 0.894225339 
130.97 1.175889639 140.91 1.11643274 135.67 1.143553132 
118.76 1.066264438 132.09 1.046551704 123.82 1.043670294 
95.88 0.860840639 101.9 0.807355732 105.22 0.886892169 
119.91 1.076589498 128.65 1.019296515 127.5 1.074688762 
122.84 1.102895955 129.74 1.027932607 122.32 1.031026897 
108.55 0.974595864 114.11 0.904095805 115.63 0.974637345 
110.73 0.994168586 126.66 1.003529705 117.75 0.99250668 
106.69 0.957896202 118.11 0.935787885 113.43 0.956093696 
112.07 1.006199525 129.11 1.022941104 117.45 0.989978 
105.59 0.948020058 133.76 1.059783147 124.73 1.051340622 
123.52 1.109001208 148.71 1.178232295 113.42 0.956009407 
104.44 0.937694998 128.89 1.02119804 122.04 1.028666796 
109.94 0.987075719 134.83 1.068260778 126.79 1.06870422 
106.69 0.957896202 127.71 1.011848876 116.02 0.977924628 
117.13 1.051629788 146.09 1.157473983 127.6 1.075531655 
- 1 2 8 -
106.55 0.956639238 125.83 0.996953599 115.26 0.971518641 
Average 111.38 126.2145 118.639 
Image#2 111.78 0.86230505 122.59 0.733246844 122.93 0.772814628 
114.56 0.883750819 130.6 0.78115701 128.55 0.808145452 
101.21 0.780764843 122.55 0.733007592 126.23 0.793560486 
129.68 1.000391115 171.32 1.024715305 156.01 0.980776134 
122.23 0.942919541 151.09 0.903713726 153.77 0.966694097 
129.77 1.001085403 171.37 1.02501437 163.24 1.026228422 
141.24 1.089568485 186.91 1.11796368 176.78 1.111349304 
125.81 0.970536754 168.17 1.005874229 157.99 0.993223649 
133.28 1.028162614 164.6 0.984521009 161.52 1.01541543 
117.72 0.908128024 148.29 0.886966102 144.34 0.907411238 
122.74 0.946853836 174.31 1.042599375 153.09 0.962419193 
119.9 0.924945209 157.68 0.943130454 146.48 0.920864612 
109.12 0.841784998 136.27 0.815070947 132.36 0.832097488 
130.25 1.004788269 175.36 1.048879734 166.39 1.046031286 
125.15 0.965445312 176.07 1.053126452 160.52 1.009128806 
144.02 1.111014254 190.47 1.139257087 180.73 1.136181467 
146.98 1.133848598 193.25 1.155885085 183.56 1.153972612 
116.12 0.895785135 136.47 0.816267206 137.53 0.864599331 
140.52 1.084014185 175.41 1.049178798 169.42 1.065079755 
132.34 1.020911167 155.63 0.930868801 152.01 0.95562964 
142.63 1.100291369 175.98 1.052588136 167.81 1.054958291 
132.17 1.019599736 174.88 1.046008712 161.96 1.018181544 
142.9 1.102374232 190.73 1.140812224 182.35 1.146365797 
128.15 0.988588228 173.06 1.035122757 160.16 1.006865622 
124.86 0.963208164 143.17 0.856341876 140.66 0.884276463 
140.95 1.087331336 185.12 1.107257164 178.27 1.120716373 
142.49 1.099211367 192.71 1.152655186 177.87 1.118201724 
156.28 1.205591637 210.48 1.258942782 197.75 1.243179799 
134.4 1.036802636 193.91 1.159832739 172.69 1.085637014 
Average 129.629 167.1879 159.068 
Image#3 111.22 1.085805162 118.14 1.013211023 123.73 1.015842313 
100.01 0.97636553 90.53 0.776417758 107.06 0.878979051 
86.6 0.845448004 83.59 0.716897828 101.28 0.831524363 
90.97 0.888110912 89.18 0.764839674 105.86 0.869126867 
101.95 0.995305128 104.49 0.896143726 116.24 0.954348262 
- 1 2 9 -
89.18 0.870635716 83.86 0.719213445 104.26 0.855990621 
90.01 0.87873874 85.25 0.731134584 102.13 0.838502993 
102.39 0.999600706 114.56 0.982507659 120.35 0.988091993 
91.55 0.893773266 82.59 0.708321469 107.55 0.883002026 
110.39 1.077702139 113.23 0.971101102 122.29 1.004019691 
108.68 1.061007958 129.69 1.112267967 131.03 1.075776434 
93.92 0.916910815 107.29 0.920157531 113.19 0.929307293 
94 0.917691829 106.44 0.912867626 108.53 0.891047977 
111.78 1.091272263 141.13 1.210381511 138.12 1.133986424 
105.16 1.026643327 145.37 1.246745272 136.12 1.117566116 
113.39 1.106990176 150.17 1.287911794 141.48 1.16157254 
113.57 1.108747458 144.89 1.24262862 137.31 1.127336199 
107.2 1.046559193 147.39 1.264069517 133.95 1.099750083 
111.66 1.090100741 143.89 1.234052261 135.22 1.110176978 
96.34 0.940536498 114.98 0.986109729 120.95 0.993018085 
103.86 1.013951845 112.38 0.963811197 120.18 0.986696267 
114.33 1.116167094 143.8 1.233280389 144.77 1.188583946 
107.75 1.051928666 128.95 1.105921461 129.81 1.065760047 
Average 102.431 116.5996 121.8 
Image#4 106.47 1.013211625 99.86 0.874548757 109.04 0.904473677 
111.21 1.058319384 121.7 1.065817982 126.68. 1.050795355 
104.68 0.99617726 118.44 1.037267723 122.23 1.01388314 
110.26 1.049278799 124.15 1.087274466 128.22 1.063569469 
98.15 0.934035136 101.6 0.889787239 112.55 0.933588705 
98.82 0.940411128 91.05 0.797392993 106.6 0.884234171 
104.78 0.997128901 103.53 0.906689694 122.52 1.016288655 
112.52 1.070785874 120.22 1.052856515 128.71 1.06763396 
108.43 1.031863778 110 0.963352326 118.22 0.980620673 
103.86 0.988373808 118.81 1.04050809 121.41 1.007081339 
89 0.846960032 93.75 0.821038914 105.67 0.876519933 
101.18 0.962869843 107.69 0.943121927 116.21 0.963947965 
107.15 1.01968278 130.06 1.139032759 131.02 1.086795132 
111.32 1.059366188 130.56 1.143411633 128.26 1.063901264 
108.21 1.029770169 121.85 1.067131645 128.31 1.064316008 
107.69 1.024821639 111.18 0.973686469 120.58 1.000196589 
110.08 1.047565846 118.31 1.036129215 122.45 1.015708014 
102.62 0.976573466 109.27 0.95695917 117.33 0.97323823 
- 1 3 0 -
103.99 0.989610941 105.48 0.923767303 113.79 0.943874356 
106.41 1.012640641 119.05 1.042609949 126.92 1.052786126 
113.1 1.076305389 136.48 1.195257504 133.28 1.10554156 
100.74 0.958682625 114.44 1.002236729 117.54 0.974980155 
99.76 0.949356548 116.89 1.023693213 119.09 0.987837218 
101.53 0.966200585 116.06 1.016424281 116.72 0.968178353 
Average 105.082 114.1846 120.556 
Image#5 83.91 0.828880729 98.81 0.81735462 111.55 0.888012508 
104.89 1.036125607 120.49 0.996691207 129.74 1.032817057 
97.72 0.965298831 114.63 0.948217388 122.29 0.973510081 
96.33 0.951568117 102.3 0.84622384 114.7 0.913088612 
96.4 0.952259591 118.38 0.979237323 121.16 0.964514527 
83.21 0.821965981 93.77 0.775663827 107.77 0.857921183 
94.27 0.931219001 98.76 0.816941021 112.29 0.893903402 
87.13 0.860688571 110.08 0.910579866 116.82 0.929965228 
91.82 0.907017383 111 0.91819009 119.36 0.950185324 
128.61 1.270436785 151.39 1.252295475 152.98 1.21782298 
111.93 1.105668217 128.73 1.064852345 131.73 1.048658787 
125.36 1.238332597 153.92 1.273223592 146.13 1.163292405 
105.15 1.038693942 129.84 1.074034246 129.76 1.032976271 
105.31 1.040274456 121 1.000909918 126.4 1.006228427 
107.23 1.059240622 137.76 1.13954835 131.55 1.047225866 
99.27 0.980610059 125.42 1.037472082 131.3 1.045235699 
102.42 1.011726425 138.85 1.148564811 129.97 1.034648011 
Average 101.233 120.89 125.618 
Image#6 121.58 1.178993017 181.81 1.066484432 144.39 1.096009157 
78.96 0.765695745 143.04 0.83906239 108.26 0.821760173 
99.97 0.969435202 151.36 0.887866914 120.91 0.917781475 
73.98 0.717403384 138.94 0.815012084 116.76 0.886280416 
92.24 0.894475373 143.94 0.844341726 117.38 0.890986598 
130.34 1.263941025 187.2 1.098101786 157.88 1.198406578 
85.72 0.83124923 142.65 0.836774678 108.93 0.826845886 
104.99 1.018115454 159.91 0.938020601 131.55 0.998545638 
79.17 0.767732169 149.69 0.878070813 115.09 0.873604086 
102.42 0.993193492 170.84 1.002135198 133.33 1.012056936 
112.58 1.091717666 179.35 1.052054248 139.22 1.056765669 
88.33 0.856559082 158.02 0.926933997 117.34 0.890682973 
- 1 3 1 -
87.06 0.84424356 147.3 0.864051245 110.9 0.841799401 
108.64 1.053510457 179.66 1.053872686 140.93 1.069745623 
112.34 1.089390323 173.79 1.019439687 139.72 1.060560977 
103.28 1.001533137 161.37 0.946584857 124.53 0.945259508 
112.79 1.093754091 184.11 1.079976067 145.02 1.100791246 
80.65 0.782084116 144.56 0.847978601 106.13 0.805592159 
107.42 1.041679798 174.36 1.022783266 134.59 1.021621113 
118.97 1.153683165 190.71 1.118691194 149.49 1.134721303 
117.31 1.137585712 190.98 1.120274995 141.57 1.074603618 
110.51 1.071644335 177.89 1.043489993 137.99 1.04742921 
84.23 0.816800311 148.44 0.870738403 110.59 0.83944631 
116.49 1.129633957 189.05 1.108953753 146.59 1.112708514 
110.65 1.073001952 179.43 1.052523522 140.1 1.063445411 
100.76 0.977096039 176.67 1.03633356 132.14 1.003024102 
138.33 1.341422142 212.667 1.247489383 167.79 1.27362959 
94.55 0.916876047 176.1 1.032989981 124.04 0.941540106 
123.14 1.194120744 207.2 1.215420352 153.76 1.167133237 
107.7 1.044395032 191.09 1.120920247 137.46 1.043406183 
91.68 0.889044907 172.63 1.01263521 129.61 0.983819841 
Average 103.122 170.476 131.742 
Sample#2 
Image# 1 86.87 1.035819045 108.35 1.024114663 107.45 0.990529816 
75.2 0.896668495 88.76 0.838951707 94.72 0.873178075 
82.51 0.98383135 95.17 0.899538463 102.13 0.941487297 
81.66 0.973696134 103.17 0.975153759 105.77 0.975042705 
88.85 1.059428135 112.66 1.064852404 118.91 1.096174038 
90.46 1.078625426 122.25 1.15549624 115.38 1.063632668 
94.05 1.121431808 120.42 1.138199241 114.55 1.055981297 
83.07 0.990508669 109.25 1.032621384 107.21 0.988317371 
86 1.025445353 113.84 1.07600566 114.52 1.055704742 
80.57 0.960699211 110.43 1.04377464 109.9 1.013115186 
84.54 1.00803663 107.73 1.018254478 109.45 1.008966853 
83.54 0.996112847 99.7 0.942355624 109.43 1.008782483 
85.55 1.020079651 105.42 0.996420561 110.37 1.01744789 
78.19 0.932320607 97.29 0.919576517 104.05 0.959186853 
76.93 0.91729664 92.54 0.874679935 103.32 0.952457334 
Average 83.866 105.7987 108.477 
- 1 3 2 -
Sample#3 
Image# 1 57.26 0.992403073 62.99 0.984276422 94.3 0.969238049 
54.77 0.949247578 61.4 0.959431217 93.39 0.959884851 
53.51 0.927409857 55.17 0.862081763 94.32 0.969443614 
28.69 0.497241428 33.55 0.524249468 68.01 0.699023115 
55.31 0.958606601 55.18 0.862238022 90.08 0.925863876 
45.52 0.788930979 44.84 0.700666055 80.79 0.830379024 
46.46 0.805222612 54.22 0.847237143 89.84 0.923397098 
55.55 0.962766167 61.75 0.964900287 93.98 0.965949013 
38.99 0.675756127 43.66 0.682227474 80.41 0.826473293 
53.36 0.924810129 58.86 0.919741391 88.57 0.910343733 
56.44 0.978191223 57.15 0.893021075 92.96 0.955465208 
67.54 1.170571141 60.96 0.952555814 101.32 1.041391295 
60.37 1.046304113 65.74 1.02724769 100.68 1.034813222 
46.92 0.813195113 49.52 0.77379534 86.01 0.884031438 
59.52 1.031572318 71.59 1.118659296 103.61 1.064928466 
71.01 1.23071153 83.45 1.303982655 113.03 1.161749488 
57.51 0.996735954 66.22 1.03474813 97.82 1.005417455 
61.49 1.06571542 65.87 1.029279059 100.04 1.028235148 
69.39 1.202634461 74.19 1.159286677 105.66 1.085998858 
58.22 1.009041336 65.04 1.016309549 96.57 0.992569655 
82.91 1.436956668 95.58 1.493525011 127.51 1.310578406 
67.08 1.16259864 93.47 1.460554329 123.65 1.270904399 
56.56 0.980271006 73.3 1.145379612 102.41 1.052594577 
80.38 1.393107911 82.21 1.28460652 110.07 1.131325897 
Average 57.6983 63.99625 97.2929 
Image#2 54.24 0.735759912 44.56 0.728945602 89.74 0.83681228 
68.17 0.924718901 57.95 0.947989175 104.36 0.973141627 
79.97 1.084784664 68.59 1.122046204 131.05 1.222021945 
61.78 0.838039222 43.74 0.715531433 93.25 0.869542513 
58.13 0.788527354 38.13 0.623758883 86.58 0.807345746 
76.57 1.038664021 49.87 0.815810529 111.89 1.043357768 
79.37 1.076645727 69.97 1.14462127 115.87 1.080470681 
79.43 1.077459621 60.28 0.986105047 113.01 1.053801603 
69.2 0.938690743 60.24 0.985450697 105.27 0.981627243 
70.39 0.954832969 64.55 1.055956881 110.59 1.031235459 
80.27 1.088854133 66.06 1.080658583 114.71 1.069653852 
- 1 3 3 -
68.66 0.9313657 60.46 0.989049621 102.38 0.954678418 
79.2 1.074339695 64.71 1.05857428 113.71 1.060328999 
69.89 0.948050521 62.35 1.019967646 103.32 0.96344378 
76.68 1.040156159 72.3 1.182737142 115.95 1.081216669 
67.2 0.911560953 53.42 0.873884068 97.78 0.911784096 
100.08 1.357574705 92.69 1.516291918 142.16 1.325621059 
69.44 0.941946318 60.71 0.993139307 103.3 0.963257283 
79.88 1.083563824 66.39 1.086056969 111.58 1.040467063 
68.27 0.926075391 51.79 0.847219316 99.28 0.925771375 
82.02 1.112592699 78.68 1.287105924 120.27 1.121500033 
77 1.044496926 64.82 1.060373742 111.14 1.036364128 
83.65 1.134703478 62.51 1.022585045 111.01 1.035151897 
86.99 1.180010228 86.81 1.420102507 121.48 1.132783105 
82.08 1.113406593 70.43 1.152146292 114.63 1.068907864 
74 1.00380224 61.52 1.006389889 110.16 1.027225772 
74.07 1.004751783 56.14 0.91837985 103.36 0.963816774 
70.31 0.953747777 61.19 1.000991503 103.61 0.966147987 
68.44 0.928381423 53.38 0.873229718 97.94 0.913276073 
74.63 1.012348124 70.67 1.15607239 107.46 1.00204867 
65.74 0.891756206 48.87 0.799451786 89.43 0.833921576 
71.02 0.963378853 49.89 0.816137704 97.7 0.911038108 
65.98 0.895011781 43.6 0.713241209 84.96 0.792239485 
Average 73.7197 61.12939 107.24 
Image#3 56.85 0.939622829 46.61 0.920882356 99.34 0.992700146 
56.75 0.937970018 45.39 0.896778591 93.91 0.938438401 
52.27 0.863924103 42.07 0.83118474 88.37 0.88307743 
63.8 1.054493166 57.12 1.128530362 100.53 1.004591763 
50.11 0.828223394 30.47 0.602001403 82.94 0.828815685 
56.75 0.937970018 46.68 0.922265359 97.54 0.974712827 
67.67 1.118456936 67.3 1.329658497 110.9 1.108218706 
57.84 0.955985654 48.35 0.955259856 101.72 1.016483379 
74.09 1.224567377 76.5 1.511424592 135.24 1.35144723 
65.16 1.07697139 51.12 1.009987257 105.83 1.057554424 
59.35 0.980943094 44.31 0.875440832 97.44 0.973713532 
81.68 1.350015702 89.1 1.760365113 124.57 1.2448224 
50.81 0.839793068 39.62 0.782779638 92.15 0.9208508 
51.11 0.8447515 35.28 0.697033459 89.76 0.896967638 
- 1 3 4 -
62.22 1.028378758 48.88 0.965731164 101.42 1.013485493 
62.47 1.032510785 44.4 0.877218979 97.6 0.975312405 
55.6 0.918962696 58.87 1.163105434 97.48 0.97411325 
56.24 0.929540684 45.7 0.902903318 94.22 0.941536217 
62.27 1.029205163 49.94 0.986673779 97.63 0.975612193 
67.02 1.107713667 44.58 0.880775272 92.82 0.92754608 
Average 60.503 50.6145 100.071 
Image#4 52.13 0.95923129 47.01 1.146853897 91.46 0.989419936 
60.39 1.111221516 50.38 1.22906827 97.21 1.051623791 
50.56 0.930342107 38.47 0.938512432 89.79 0.971353772 
42.77 0.787000236 35.02 0.854346384 83.77 0.90622904 
54.23 0.997872873 42.63 1.03999961 94.25 1.019602328 
43.1 0.793072484 35.24 0.859713494 85.84 0.928622428 
55.99 1.030258199 46.61 1.137095515 97.18 1.051299249 
43.48 0.800064771 33.71 0.822387681 84.9 0.91845345 
59.43 1.093556792 49.77 1.214186736 100.14 1.083320712 
54.31 0.999344933 48.78 1.19003474 94.16 1.018628702 
67.78 1.247203085 63.4 1.546703618 119.67 1.29459746 
54.3 0.999160926 45.19 1.102453257 95.36 1.031610377 
56.81 1.045346817 39.42 0.96168859 98.11 1.061360047 
47.64 0.876611906 38.25 0.933145322 86.27 0.933274195 
59.16 1.088588589 40.06 0.977302002 94.03 1.017222354 
48.55 0.893356592 36.12 0.881181935 87.35 0.944957701 
66.84 1.229906377 47.87 1.16783442 103.21 1.116532162 
64.47 1.186296591 48.5 1.183203872 103.01 1.11436855 
52.85 0.972479833 38.01 0.927290292 91.65 0.991475367 
58.34 1.073499971 39.53 0.964372146 95.06 1.028364958 
52.12 0.959047283 33.07 0.806774269 86.14 0.931867847 
50.88 0.936230348 31.25 0.762373629 82.54 0.892922824 
57.5 1.058043337 40.33 0.983888911 92.12 0.996559856 
58.54 1.077180121 29.88 0.728951169 80.96 0.875830286 
46.47 0.855083024 26.26 0.640637808 76.77 0.830502607 
Average 54.3456 40.9904 92.438 
Image#5 55.2 0.960225444 47.71 1.050614932 92.88 0.947402243 
58.32 1.014499056 49.41 1.088050384 99.12 1.011052006 
54.15 0.941960286 44.72 0.98477258 98.28 1.002483769 
58.74 1.021805119 41.43 0.912323971 96.81 0.987489353 
- 1 3 5 -
62.47 1.086689919 58.29 1.283595565 105.2 1.073069724 
49.97 0.869247562 34.97 0.770069256 93.51 0.953828421 
58.04 1.009628348 38.85 0.855510168 96.82 0.987591356 
54.19 0.942656102 36.99 0.81455138 89.4 0.91190526 
62.87 1.093648074 53.81 1.18494214 107.97 1.101324507 
56.58 0.98423108 44.93 0.989396959 98.39 1.0036058 
57.83 1.005975316 46.13 1.015821983 99.03 1.010133981 
62.9 1.094169936 48.11 1.059423274 105.85 1.079699908 
57.5 1.000234838 41.75 0.919370644 94.5 0.963926701 
60.9 1.059379159 41.62 0.916507933 93.7 0.955766475 
54.1 0.941090517 43.31 0.953723176 100.12 1.021252289 
57.04 0.992232959 38 0.836792442 93.22 0.950870339 
47.85 0.832369339 40.72 0.896689165 91.08 0.929041734 
57.55 1.001104607 49.07 1.080563293 100.65 1.026658438 
60.4 1.050681464 56.83 1.251445119 101.74 1.037776746 
63.13 1.098170875 51.58 1.135835636 102.46 1.04512095 
Average 57.4865 45.4115 98.0365 
Sample#4 
Image#! 75.82 0.898223633 68.53 0.806494986 85.62 0.894282296 
79.82 0.945610794 71.93 0.84650787 88.01 0.919245327 
80.25 0.950704914 77.04 0.906644881 91.95 0.960397771 
81.6 0.96669808 78.44 0.923120774 92.7 0.968231358 
82.68 0.979492614 80.13 0.943009531 93.17 0.973140406 
82.68 0.979492614 82.78 0.974196044 93.71 0.978780588 
82.81 0.981032697 83.43 0.981845566 93.82 0.979929514 
83.95 0.994538037 86.59 1.019034011 93.83 0.980033962 
85.12 1.008398782 86.67 1.019975491 96.11 1.003848067 
85.39 1.011597415 87.57 1.030567137 97.22 1.015441776 
86.05 1.019416297 87.92 1.03468611 98.29 1.026617693 
86.14 1.020482508 88.76 1.044571646 98.62 1.030064471 
86.71 1.027235178 89.03 1.04774914 98.91 1.033093458 
86.72 1.027353646 89.28 1.050691264 98.94 1.033406802 
87.32 1.03446172 89.31 1.051044319 99.2 1.036122445 
87.57 1.037423418 91.3 1.074463624 99.44 1.038629193 
87.6 1.037778822 91.48 1.076581954 99.59 1.040195911 
87.65 1.038371161 91.86 1.081053982 99.8 1.042389315 
87.93 1.041688262 92.43 1.087762024 100.16 1.046149437 
- 1 3 6 -
Average 84.4111 84.97263 95.7416 
4hr 
Sample# 1 
Image# 1 136.59 0.896202746 138.59 0.837977004 136.25 0.948536925 
141.72 0.904046499 154.5 0.934175966 141.5 0.985086055 
125.63 0.934126213 128.41 0.77642418 118.94 0.828029225 
132.68 0.953195887 139.16 0.841423479 131.01 0.912057414 
141.26 0.95477903 151.3 0.914827338 137.85 0.959675708 
134.94 0.971042224 147.59 0.892395022 135.86 0.945821847 
140.73 0.973776744 156.56 0.946631646 145.31 1.01161028 
142.51 0.982627951 148.94 0.900557724 147.52 1.026995723 
148.41 0.982915795 171.98 1.039867849 149.66 1.041893844 
142.09 1.011196482 175.35 1.060244373 140.86 0.980630542 
145.19 1.012707664 162.89 0.984905651 151.82 1.0569312 
141.53 1.016521599 167.29 1.011510015 144.1 1.003186576 
129.81 1.018464547 162.56 0.982910324 126.49 0.880590354 
144 1.019831807 180.29 1.090113818 161.29 ,1.122858868 
148.07 1.022494365 180.47 1.091202179 160.44 1.11694139 
132.46 1.025516729 182.72 1.104806683 140.85 0.980560924 
124.54 1.036238923 171.67 1.03799345 130.04 0.905304527 
135.32 1.044802286 178.41 1.078746499 145.92 1.015856941 
145.35 1.045953663 185.27 1.120225121 148.58 1.034375166 
136.55 1.060058026 180.31 1.090234747 149.42 1.040223027 
147.31 1.065527065 189.84 1.147857381 168.52 1.17319224 
140.52 1.06797374 184.4 1.114964713 147.9 1.029641184 
Average 138.964 165.3864 143.642 
Image#2 129.57 0.853301254 158.65 0.957929014 140.23 0.920692719 
138.45 0.89477753 163.02 0.984315082 155.04 1.01792911 
128.97 0.896577585 144.96 0.875268767 141.38 0.928243148 
146.28 0.90745292 170.07 1.026882996 164.98 1.083191077 
120.99 0.921328347 136.52 0.82430803 133.67 0.877622447 
122.84 0.954329362 140.75 0.849848778 137.08 0.90001111 
128.84 0.958229482 150.85 0.910832598 141.04 0.926010847 
127.24 0.966329732 159.35 0.962155615 145.9 0.957919616 
135.62 0.967304762 159.76 0.964631196 150.55 0.98844961 
119.3 0.9718049 132.3 0.798827662 131.34 0.862324622 
138.88 0.983355255 176.93 1.06830369 156.71 1.028893646 
- 1 3 7 -
140.94 0.995355625 171.21 1.033766318 158.91 1.043337945 
131.11 1.004655911 168.56 1.017765613 145.95 0.958247895 
136.84 1.017181296 166.39 1.004663149 147.63 0.969278087 
136.37 1.022806469 156.2 0.943135909 148.82 0.977091139 
133.95 1.026331578 167.78 1.013055972 150.76 0.989828384 
143.88 1.038406949 183.06 1.105316642 163.18 1.071373015 
141.43 1.041632048 176.53 1.065888489 160.4 1.053120674 
140.8 1.051907365 181.35 1.094991659 158.69 1.041893515 
127.76 1.056032491 173.12 1.045298902 145.22 0.953455014 
141.15 1.057082524 195.21 1.178678366 174.67 1.146811647 
149.08 1.058657572 210.29 1.269731436 185.05 1.214962473 
140.25 1.060757637 203.87 1.230967463 177.8 1.167361944 
132.71 1.079133202 166.54 1.005568849 157.95 1.037034978 
113.77 1.097133756 145.84 0.880582208 140.19 0.920430095 
119.54 1.118134402 146.95 0.88728439 146.9 0.964485206 
Average 133.329 165.6177 152.309 
Image#3 126.22 0.860204828 161.63 0.868322118 156.65 0.91553702 
144.6 0.862106803 197.72 1.062207815 183.28 1.071175391 
126.72 0.907315289 164.36 0.882988451 157.03 0.91775792 
127.3 0.923335772 165.68 0.890079864 159.87 0.934356229 
124.03 0.926993416 160.64 0.863003558 152.35 0.890405777 
117.85 0.931236284 144.42 0.775865126 144.87 0.846689103 
135.73 0.932699342 188.63 1.013373762 169.29 0.989411185 
153.07 0.967739576 208.29 1.118992847 188.63 1.102443332 
160.09 0.972567666 223.35 1.199899431 201.47 1.177486392 
145.97 0.99290417 212.23 1.140159643 180.71 1.05615509 
158.57 1.057644477 219.52 1.179323587 193.19 1.129094139 
132.95 1.057790783 173.67 0.933004406 163.43 0.955162561 
127.5 1.067812729 170.85 0.917854568 161.08 0.941428044 
132.29 1.088807608 181.24 0.973672589 167.9 0.981287364 
117.59 1.11975128 162.08 0.870739645 151.95 0.888067987 
144.58 1.159985369 204.86 1.100565916 183.27 1.071116946 
148.84 1.171104609 225.22 1.2099456 193.76 1.13242549 
Average 136.7 186.1406 171.102 
Image#4 124.49 0.90924896 198.8 0.954094978 161.22 0.98157243 
117.38 0.91002358 191.86 0.92078804 150.67 0.917339772 
125.15 0.954719154 205.54 0.986442061 164.42 1.001055321 
- 1 3 8 -
137.08 0.964324442 210.08 1.008230749 175.51 1.068575717 
130.12 0.969436934 205.92 0.988265784 162.95 0.992105368 
137.86 0.972225566 208.1 0.998728193 167.52 1.019929372 
136.48 0.987330656 206.41 0.990617426 167.85 1.021938546 
117.48 1.00181605 182.17 0.874283109 144.57 0.88020051 
125.51 1.004372296 200.97 0.964509395 164.96 1.004343059 
129.66 1.004682144, 209.51 1.005495165 161.44 0.982911879 
130.16 1.007935548 214 1.027043889 171.18 1.04221293 
127.46 1.008245396 214.74 1.03059535 170.39 1.037403091 
129.7 1.010879104 213.11 1.022772539 168.79 1.027661645 
129.33 1.049610104 223.15 1.070957215 163.39 0.994784266 
130.5 1.05720138 211.39 1.014517793 165.38 1.006900189 
136.61 1.058208386 216.59 1.039474 172.65 1.051162883 
123.25 1.0618491 210.93 1.012310129 154.33 0.939623329 
135.5 1.067891136 227.3 1.090874187 169.22 1.030279659 
Average 129.096 208.365 164.247 
Image#5 112.93 0.8432276 120.65 0.778996222 146.67 0.85917934 
119.55 0.892657926 144.01 0.929823836 162.74 0.953315919 
138.28 0.928647982 150.99 0.974891334 167.01 0.978329186 
132.43 0.952093786 152.42 0.98412436 164.67 0.964621681 
144.88 0.959709939 160.16 1.034098921 182.06 1.066490698 
136.61 0.961651311 151.55 0.978507065 171.78 1.006271406 
128.79 0.983977093 143.32 0.92536874 160.86 0.942303052 
131.78 0.988830523 149.1 0.962688244 171.09 1.002229449 
137.1 1.000105417 158.51 1.02344543 176.41 1.033393519 
124.37 1.020041817 145.7 0.940735595 160.64 0.941014313 
143.65 1.023700557 168.59 1.088528578 182.22 1.067427963 
144.8 1.032511401 172.5 1.113774125 177.67 1.040774483 
144.57 1.072608206 182.24 1.176662009 184.73 1.082131312 
147.02 1.079477677 175.46 1.132885844 184.09 1.078382251 
128.53 1.081195045 140.97 0.910195585 164.05 0.960989778 
127.51 1.08179239 151.07 0.975407867 167.7 0.982371142 
133.94 1.097771378 165.7 1.069868826 177.67 1.040774483 
Average 133.926 154.8788 170.709 
Image#6 122.17 0.88752679 155.17 1.0806651 452.94 1.008689344 
122.89 0.908015431 156.24 1.088117002 155.42 1.025045755 
128.32 0.913844835 172.08 1.198433011 170.51 1.124569243 
- 1 3 9 -
122.23 0.922931847 152.38 1.061234439 155.9 1.028211512 
103.53 0.923446207 117.6 0.819012797 134.03 0.883971706 
118.68 0.925160737 132.62 0.923618003 155.8 1.027551979 
117.33 0.967595371 136.11 0.94792374 148.07 0.9765701 
105.92 0.982854694 122.91 0.855993732 136.33 0.899140959 
121.93 1.005829404 149.18 1.038948376 151.58 0.999719699 
117.78 1.009687098 144.11 1.003638896 154.17 1.016801596 
107.66 1.017402486 135.71 0.945137982 144.62 0.953816221 
112.87 1.018088298 129.36 0.900914077 145.25 0.957971277 
107.92 1.045263609 119.93 0.835239836 141.96 0.936272651 
114.65 1.047321046 141.11 0.982745713 148.05 0.976438194 
122.57 1.047835405 167.08 1.163611039 160.77 1.060330756 
130.47 1.050750107 181.89 1.266753722 173.55 1.144619037 
123 1.053493356 154.51 1.076068599 158.58 1.045886989 
118.76 1.054436348 141.48 0.985322539 152.02 1.002621643 
106.6 1.100042863 123.24 0.858291982 141.78 0.935085492 
107.72 1.118474068 139.04 0.968329416 151.12 0.996685848 
Average 116.65 143.5875 151.623 
Image#7 121.88 0.871850453 154.49 0.937921371 154.16 0.910497316 
154.45 0.876894088 192.31 1.167529671 186.52 1.101621429 
128.65 0.905216036 166.38 1.010106529 164 0.968614166 
136.02 0.905448819 176.84 1.073610041 172.55 1.019112039 
120.88 0.917786326 154.39 0.937314263 162.75 0.961231437 
128.43 0.928028784 162.92 0.989100587 187.79 1.109122282 
116.66 0.933615579 139.33 0.845883776 159.34 0.941091349 
112.36 0.937960865 116.13 0.705034687 139.16 0.821904557 
116.69 0.945720303 141.79 0.860818637 150.66 0.889825673 
128.24 0.946729029 154.96 0.940774779 165.13 0.975288154 
120.32 0.955264411 144.16 0.8752071 162.19 0.957923974 
122.01 0.966748379 147.44 0.895120247 171.05 1.010252763 
125.05 0.970317721 158.85 0.964391286 184.13 1.087505649 
134.58 0.976990838 161.24 0.978901171 174.23 1.029034428 
128.39 0.985293436 178.4 1.083080928 174.21 1.028916304 
135.45 0.995070328 178.06 1.08101676 177.56 1.048702021 
145.76 0.996234244 182.44 1.107608097 189.23 1.117627187 
124.59 0.996544621 167.89 1.019273862 176.29 1.041201167 
126.98 0.998251698 179.19 1.087877082 178.06 1.051655113 
- 1 4 0 -
136.3 1.002752172 178.03 1.080834628 178.08 1.051773236 
137.26 1.02238355 179.1 1.087330685 181.17 1.070023345 
143.4 1.028513506 186 1.129221147 187.61 1.108059169 
129.23 1.042868466 162.72 0.987886371 164.24 0.970031651 
131.76 1.044265165 161.8 0.982300976 164.28 0.970267898 
113.01 1.051015876 134.21 0.814799839 143.53 0.847714581 
123.11 1.055438756 165.83 1.006767434 162.6 0.960345509 
132.55 1.057611398 174.45 1.059100156 174.8 1.032400953 
125.91 1.065060459 163.03 0.989768406 165.93 0.980013101 
118.28 1.112703408 164.51 0.998753607 154.48 0.912387295 
119.6 1.131015682 169.19 1.027166268 155.8 0.920183458 
134.4 1.177960282 178.46 1.083445193 168.44 0.994837623 
151.81 1.198445198 196.35 1.19205684 188.08 1.110835076 
Average 128.875 164.7153 169.314 
Sample#2 
Image#! 133.81 0.834496587 132.01 0.918384739 114.92 0.886586507 
135.29 0.87536989 131.38 0.914001871 121.26 0.935498432 
146.39 0.910541662 146.57 1.019677685 132.44 1.021750061 
135.03 0.917057696 137.78 0.958526243 123.02 0.949076506 
135.43 0.93245923 136.44 0.949203953 127.78 0.985799024 
146.42 0.940159997 143.5 0.998319901 132.22 1.020052802 
145.37 0.96341039 146.15 1.016755773 138.66 1.069736208 
132.75 0.965779857 135.57 0.943151421 129.42 0.99845132 
148.21 0.980144749 160.74 1.118257427 144.32 1.11340206 
141.5 0.982958491 143.66 0.99943301 132.9 1.025298876 
147.16 0.984809637 156.76 1.090568834 138.52 1.068656134 
130.43 0.99080735 143.62 0.999154733 130.56 1.007246209 
136.14 0.999840942 146.01 1.015781803 130 1.002925913 
125.93 1.001766134 131.46 0.914558426 125.02 0.964506136 
118.22 1.002802776 125.3 0.871703718 117.63 0.907493655 
143.23 1.00806003 155.28 1.080272573 138.26 1.066650282 
138.26 1.023757748 154.45 1.074498318 134.64 1.038722653 
126.97 1.034272257 149.68 1.041313747 122.78 0.947224951 
133 1.046193636 141.46 0.984127757 126.02 0.97222095 
143.88 1.047748599 156.4 1.088064338 141.57 1.092186319 
130.11 1.060558529 140.54 0.977727379 126.64 0.977004135 
123.85 1.065371508 134.8 0.937794583 122.2 0.942750358 
- 1 4 1  -
112.7 1.076404338 125.18 0.870868886 114.15 0.8806461 
139.68 1.083957013 151.4 1.053279672 139.74 1.078068208 
132.37 1.084179151 147.61 1.026912896 129.68 1.000457172 
122.97 1.089658543 142.55 0.991710814 117.49 0.906413581 
141.29 1.097433356 164.72 1.145946021 147.92 1.141175393 
Average 135.051 143.7415 129.621 
Image#2 119.42 0.861366641 143.84 0.906901378 158.43 0.929884491 
126.89 0.874962232 156.89 0.989180737 162.36 0.95295112 
127.54 0.894964941 155.36 0.979534192 161.06 0.945320937 
116.97 0.91301426 143.65 0.905703441 164.21 0.963809457 
125.91 0.913951887 147.91 0.93256245 161.02 0.945086162 
136.26 0.933095104 159.22 1.003871228 182.13 1.06898859 
152.55 0.936064256 181.79 1.146173537 184.92 1.085364136 
141.44 0.945518662 173.24 1.092266371 176.13 1.033772362 
135.12 0.952628999 166.1 1.047249158 175.88 1.032305019 
145.97 0.965755777 176.32 1.11168556 186.87 1.09680941 
133.68 0.969271878 164.19 1.035206739 177.11 1.039524346 
116.85 0.971381539 143.68 0.905892589 151.19 0.887390243 
119.8 0.980288995 149.46 0.942335095 162.8 0.955533643 
134.9 0.983805096 173.29 1.092581617 176.36 1.035122318 
141.5 0.988258824 176.02 1.109794081 171.56 1.006949336 
135.54 0.991462383 167.09 1.053491041 178.34 1.046743673 
133.51 0.996541196 177.4 1.118494887 180.32 1.058365028 
130.46 1.012090176 163.91 1.033441358 184.01 1.080023008 
126.48 1.019356785 155.58 0.980921277 171.51 1.006655867 
124.32 1.031702207 154.8 0.97600343 172.39 1.011820914 
132.04 1.043188137 159.8 1.007528088 171.26 1.005188524 
121.01 1.044516442 157.32 0.991891858 163.24 0.958116167 
114.54 1.054048983 142.6 0.899083263 151.3 0.888035874 
110.24 1.055767966 151.37 0.954377514 158.16 0.928299761 
124.05 1.05904966 152.54 0.961754284 160.87 0.944205757 
121.92 1.064675422 149.51 0.942650341 167.43 0.982708832 
129.53 1.105149653 162.6 1.025181897 179.65 1.054432549 
123.6 1.105618466 152.8 0.963393566 176.9 1.038291778 
111.98 1.140545071 134.41 0.847445872 160.15 0.939979809 
125.46 1.191958283 165.49 1.04340315 183.72 1.07832089 
Average 127.983 158.606 170.376 
-  1 4 2 -
Image#3 133.89 0.832796373 156.19 0.97183429 139.43 0.924012359 
151.01 0.873463876 168.89 1.050855325 164.61 1.09088198 
121.77 0.915983409 151.99 0.945701349 145.91 0.966955773 
132.24 0.93203434 156.69 0.974945354 136.93 0.907444685 
128.16 0.938362111 154.31 0.960136688 149.06 0.987831043 
136.48 0.939673965 162.67 1.012153684 151.9 1.006651921 
142.65 0.947159255 184.11 1.145556125 170.86 1.132301167 
147.61 0.959737629 176.94 1.100943461 152.29 1.009236479 
139.32 0.966142568 171.38 1.066348426 153.3 1.015929819 
125.55 0.968843446 149.65 0.931141568 147.18 0.975372151 
126.74 0.97802643 158.01 0.983158564 158.62 1.051185831 
125.2 0.984277033 155.62 0.968287676 137.93 0.914071755 
127.55 0.988984277 149.58 0.930706019 135.18 0.895847312 
137.19 0.995312048 165.38 1.029015653 157.74 1.04535401 
136.03 1.020468795 168.58 1.048926465 154.37 1.023020784 
140.43 1.033201505 170.79 1.06267737 163.41 1.082929496 
113.19 1.049715443 147.27 0.916332901 149.55 0.991078307 
118.7 1.053188 155.76 0.969158774 155.31 1.02925023 
107.92 1.058666924 140.17 0.872155787 144.44 0.95721398 
120.78 1.075103694 155.01 0.964492178 150.77 0.999163332 
128.98 1.083669335 171.2 1.065228442 162.04 1.07385041 
122.74 1.100800617 164.38 1.022793524 154.4 1.023219596 
124.37 1.139075914 158.74 0.987700718 139.69 0.925735398 
121.6 1.165313012 163.89 1.019744681 146.59 0.97146218 
Average 129.588 160.7167 150.896 
Image#4 140.49 0.866669339 163.65 0.94988783 144.44 0.930037893 
140.2 0.920376166 165.34 0.959697243 146.14 0.94098406 
137.71 0.928464983 171.73 0.996787272 149.68 0.963777844 
143.75 0.933493166 179.12 1.039681687 147.23 0.948002485 
144.24 0.934804866 177.52 1.030394669 153.33 0.98727991 
152.26 0.936480928 182.84 1.061274005 160.83 1.035571825 
128.95 0.939687305 159.27 0.924464618 144.21 0.928556941 
127.41 0.96737875 156.17 0.90647102 138.34 0.890760469 
126.3 1.003523372 154.48 0.896661607 143.06 0.921152181 
141.55 1.021668555 170.97 0.992375938 157.2 1.012198538 
145.21 1.02378185 186.39 1.081879576 157.4 1.013486322 
146.47 1.031506305 183.95 1.067716874 167.41 1.077939931 
- 1 4 3 -
148.65 1.037263211 186.88 1.084723726 161.47 1.039692735 
142.34 1.037919061 182.44 1.05895225 170.86 1.100154212 
128.51 1.047538194 168.22 0.976413876 166.15 1.06982689 
132.75 1.051108933 170.81 0.991447237 163.14 1.050445734 
128.28 1.058177539 179.94 1.044441284 157.25 1.012520484 
142.43 1.067359439 183.75 1.066555996 169.69 1.092620673 
118.93 1.083245583 157.22 0.912565626 150.21 0.967190473 
128.1 1.109552455 164.98 0.957607664 158.07 1.0178004 
Average 137.227 172.2835 155.306 
Image#5 109.67 0.903949619 120.88 0.890280709 118.59 0.929230214 
114.7 0.903949619 127.67 0.940289032 120.56 0.944666452 
114.69 0.922991928 125.72 0.92592729 118.26 0.926644448 
116.68 0.933417808 134.37 0.989634505 126.94 0.994657925 
104.91 0.93867383 114.56 0.843733935 111.86 0.876496262 
110.76 0.940655608 116.86 0.860673426 115.83 0.907603809 
123.53 0.944963823 123.37 0.908619549 127.02 0.995284778 
118.64 0.945049987 131.26 0.966729367 128.1 1.003747284 
124.05 0.954355731 146.38 1.078088106 138.05 1.081712042 
127.04 0.957285317 145.06 1.068366311 126.76 0.993247508 
128.32 0.963402982 143.59 1.057539767 128.1 1.003747284 
123.71 0.971502426 140.68 1.036107629 130.19 1.020123801 
114.4 0.977878584 126.97 0.935133535 119.68 0.937771077 
119.33 0.980635841 139.11 1.024544585 128.83 1.009467311 
113.81 0.981755977 134.73 0.992285903 128.74 1.008762103 
109.17 0.985719535 129.47 0.953546025 112 0.877593254 
124.2 0.988218299 142.65 1.050616671 125.07 0.980005252 
119.75 0.988304464 141.98 1.045682124 133.18 1.043552407 
107.12 0.998988836 134.07 0.987425006 128.13 1.003982354 
117.71 1.003814037 128.98 0.949937177 131.3 1.028821377 
116.5 1.005364994 136.65 1.006426695 130.61 1.023414776 
113.94 1.014239916 136.55 1.005690196 127.96 1.002650292 
124.05 1.022253196 151.18 1.113440086 139.63 1.094092375 
112.75 1.028198532 140.02 1.031246732 126.13 0.988311046 
127.06 1.031817433 148.9 1.096647896 144.24 1.13021474 
125.26 1.064387536 151.61 1.116607035 142.25 1.114621789 
109.68 1.065938493 136.98 1.008857144 123.49 0.967624919 
108.94 1.068868079 132.7 0.977334961 124.11 0.972483024 
-  1 4 4 -
104.91 1.068868079 130.83 0.963562419 116.82 0.915361106 
115.94 1.070160544 144.46 1.063947314 125.68 0.984785001 
113.49 1.079293959 138.58 1.020641138 129.37 1.013698565 
111.1 1.094631204 144.89 1.067114262 136.5 1.069566778 
111.81 1.094803532 141.02 1.038611728 137.46 1.077089006 
108.33 1.105660233 133.7 0.984699957 137.7 1.078969563 
Average 116.057 135.7774 127.622 
Image#6 106.65 0.874880892 114.75 0.790800117 110.42 0.806216268 
116.5 0.875044958 131.25 0.904509938 124.39 0.908216279 
116.95 0.952730116 145.61 1.00347194 131.36 0.959106764 
106.67 0.955519234 124.88 0.860611056 122.01 0.89083904 
131.04 0.9556833 159.22 1.097265313 150.58 1.09943892 
121.89 0.959374781 143.77 0.990791572 139.64 1.019562032 
116.48 0.989070691 141.06 0.972115595 134.5 0.982033038 
131.55 0.999899034 151.65 1.045096626 142.18 1.038107489 
140.97 1.049036742 173.19 1.193539628 159.7 1.166027332 
127.88 1.074959139 150.36 1.036206585 144.52 1.055192673 
131.44 1.078240455 153.86 1.06032685 151 1.102505492 
120.57 1.079142817 156.29 1.077073206 136.43 0.996124664 
116.14 1.15641781 140.49 0.968187438 133.76 0.97663003 
Average 121.902 145.1062 136.961 
12hr 
Image# 1 114.59 0.954697086 76.66 0.966969405 133.46 0.935601509 
101.41 0.844889009 65.86 0.830740999 125.68 0.881060975 
115.86 0.965277986 70.58 0.890277858 135.84 0.952286146 
111.22 0.926620211 91.29 1.151508439 146.14 1.024492766 
121.41 1.011517351 96.82 1.221262429 150.77 1.056950693 
124.25 1.035178576 81.4 1.026758538 142.29 0.997502913 
136.68 1.13873809 87.75 1.106855795 152.46 1.068798187 
115.26 0.960279136 80.41 1.014270935 143.21 1.003952436 
136.12 1.134072497 74.68 0.941994197 139 0.974438856 
91.8 0.76482409 50.33 0.634849598 116.67 0.817897708 
97.6 0.81314631 65.89 0.831119412 134.67 0.944084034 
114.01 0.949864864 78.32 0.987908215 141.9 0.994768876 
116.1 0.967277526 80.58 1.016415271 142.15 0.996521464 
128.03 1.066671332 91.05 1.148481142 154.62 1.083940547 
137.97 1.149485618 92.84 1.171059738 151.26 1.060385766 
- 1 4 5 -
120.76 1.00610193 81.58 1.029029012 141.79 0.993997737 
128.42 1.069920585 78.05 0.984502505 143.48 1.005845231 
119.37 0.99452126 84.52 1.066113411 147.3 1.032624774 
137.86 1.148569162 79.63 1.004432216 145.22 1.018043243 
132.98 1.107911847 90.53 1.141921996 152.51 1.069148705 
124.44 1.036761545 89.53 1.129308255 151.77 1.063961045 
106.02 0.883296842 78.32 0.987908215 141.91 0.994838979 
129.19 1.076335776 72.94 0.920046287 138.93 0.973948132 
109.35 0.911040461 66.04 0.833011473 136.6 0.957614013 
109.93 0.915872683 66.8 0.842597916 136.57 0.957403702 
115.77 0.964528159 93.26 1.17635751 160.77 1.127054208 
135.94 1.132572842 88.83 1.120478636 151.52 1.062208457 
123.85 1.031846009 89.59 1.130065079 151.98 1.065433219 
124.61 1.038177886 55 0.693755769 126.27 0.885197082 
Average 120.028 79.27862 142.646 
Image2 104.55 0.944671439 62.11 0.871605408 124.11 0.899453414 
121.63 1.098999398 85.01 1.192966926 149.57 1.083967828 
102.62 0.927232741 59.35 0.832873627 123.93 0.898148913 
112.78 1.019034384 67.24 0.943596002 131.17 0.950618841 
120.23 1.086349565 68.41 0.960014909 130.78 0.947792422 
110.45 0.997981448 65.9 0.924791441 130.32 0.944458697 
122.03 1.102613636 65.14 0.914126168 131.14 0.950401424 
136.99 1.237786135 91.33 1.281657092 153.76 1.114333712 
117.15 1.058519933 78.61 1.1031541 144.14 1.044615382 
136.68 1.2349851 87.93 1.233944028 151.53 1.098172394 
108.85 0.983524496 70.38 0.987660419 140.08 1.015191638 
106.99 0.96671829 78.65 1.10371543 146.99 1.065269981 
114.7 1.036382726 81.73 1.146937853 152.28 1.103607815 
120.21 1.086168854 71.43 1.002395336 134.55 0.97511447 
110.31 0.996716465 67.77 0.951033626 131.66 0.954169982 
116.87 1.055989967 71.89 1.008850633 136.38 0.988376896 
105.73 0.955333441 66.24 0.929562748 137.55 0.996856153 
112.29 1.014606943 68.3 0.958471251 136.69 0.990623537 
113.18 1.022648622 80.01 1.122800656 147.21 1.066864371 
119.31 1.078036818 69.49 0.975170823 139.78 1.01301747 
105.53 0.953526322 75.24 1.055862034 141.44 1.025047868 
101.99 0.921540316 80.12 1.124344314 144.93 1.050340692 
- 1 4 6 -
100.34 0.906631584 84.04 1.17935467 149.86 1.086069524 
110.59 0.999246431 76.51 1.073684267 145.36 1.053457 
87.44 0.790072411 62.81 0.881428686 134.57 0.975259415 
98.25 0.887747191 57.75 0.810420421 129.9 0.941414862 
95.43 0.862266814 62.15 0.872166739 135.56 0.98243417 
106.03 0.958044119 50.42 0.707556669 120.27 0.87162406 
90.38 0.81663706 60.56 0.849853865 126.02 0.913295619 
Average 110.673 71.25931 137.984 
Image3 102.35 0.925281381 76.72 0.976778218 134.58 0.95358889 
111.85 1.011164851 58.84 0.749134911 118.22 0.837667399 
104.12 0.941282828 66.32 0.844368241 124.34 0.881031673 
112.84 1.020114813 77.53 0.987090918 134.72 0.954580883 
104.09 0.941011617 82.11 1.045402235 141.77 1.004534826 
97.31 0.879717941 64.32 0.818904784 127.05 0.900233827 
105.5 0.953758532 62.28 0.792932057 123.86 0.877630553 
108.65 0.982235682 71.45 0.909682009 134.38 0.952171757 
109.67 0.991456855 70.27 0.894658569 134.05 0.949833487 
135.75 1.22722958 77.46 0.986199697 146 1.034507192 
104.53 0.944989378 74.88 0.953351838 135.07 0.957060866 
112.57 1.017673914 77.14 0.982125544 141.62 1.003471976 
115.67 1.045699046 92.76 1.180995145 154.74 1.09643591 
118.15 1.068119152 86.25 1.098111592 148.87 1.054843053 
129.3 1.168919224 88.69 1.12917701 148.74 1.053921916 
99.92 0.903313294 80.79 1.028596354 145.19 1.028767803 
100.5 0.908556706 80.85 1.029360257 145.59 1.031602069 
120.77 1.091804909 91.04 1.159096572 156.65 1.109969532 
105.04 0.949599964 81.44 1.036871977 147.91 1.048040813 
109.17 0.986936672 84.31 1.073412038 151.49 1.073407497 
120.58 1.09008724 100.16 1.275209937 154.35 1.093672501 
107.94 0.975817023 78.17 0.995239225 142.94 1.012825055 
105.37 0.952583284 74.26 0.945458166 138.92 0.984340679 
121.01 1.093974597 97.07 1.235868895 152.76 1.082406292 
105.24 . 0.951408037 73.26 0.932726437 138.83 0.983702969 
113.01 1.021651675 80.08 1.019556826 147.44 1.044710551 
100.59 0.909370339 75.53 0.961627461 139.82 0.990717778 
115.73 1.046241468 75.25 0.958062577 141.74 1.004322256 
Average 110.615 78.54393 141.13 
- 1 4 7 -
Image4 119.22 1.184439552 56.94 0.770838636 113.91 0.866320068 
96.53 0.959016524 65.55. 0.887398535 124.45 0.946479962 
121.64 1.208482026 80.13 1.084778712 133.98 1.018958499 
100.39 0.997365263 76.5 1.035636734 132.23 1.005649219 
104.12 1.034422464 84.37 1.142178709 138.72 1.055007636 
94.48 0.938649965 74.65 1.010591924 132.98 1.011353196 
117.47 1.167053466 82.99 1.123496635 140.29 1.066947961 
100.46 0.998060706 82.73 1.119976823 137.73 1.047478386 
116.43 1.156721163 91.37 1.236942855 145.47 1.106343431 
109.94 1.09224362 87.21 1.180625877 139.88 1.063829787 
95.6 0.949777061 77.56 1.049986733 134.46 1.022609045 
115.47 1.147183653 94.58 1.280398984 149.95 1.140415189 
105.94 1.052503994 93.69 1.2683504 141.81 1.078508022 
92.24 0.916395775 76.04 1.029409376 137.81 1.04808681 
97.45 0.968156638 73.46 0.994482019 128.81 0.979639083 
83.48 0.829365994 57.65 0.780450428 116.09 0.882899628 
92.8 0.921959323 56.83 0.769349485 119.48 0.908681606 
98.71 0.98067462 76.81 1.039833432 134.96 1.026411696 
95.24 0.946200494 73.91 1.000574 131.16 0.997511545 
81.96 0.814264936 55.95 0.757436278 115.07 0.875142219 
92.65 0.920469087 55.86 0.756217882 118.78 0.903357893 
99.87 0.992199111 77.07 1.043353243 134.96 1.026411696 
98.8 0.981568761 71.75 0.971332492 129.66 0.98610359 
91.99 0.913912048 56.84 0.769484862 122.1 0.928607499 
93.5 0.928913757 66.25 0.896874949 132.44 1.007246333 
Average 100.655 73.8676 131.487 
ImageS 98.45 0.932456789 66.86 0.837433975 127.36 0.908715348 
104.54 0.990137458 83.07 1.04046725 138.03 0.984845944 
90.23 0.854602093 68.33 0.855845999 123.23 0.879247741 
112.23 1.062972326 80.4 1.007025001 141 1.006036935 
114.77 1.087029616 86.37 1.081800365 142.24 1.014884352 
99.49 0.942307018 84.11 1.053493444 140.88 1.005180733 
117.87 1.116390876 91.09 1.140919246 146.26 1.043567107 
107.85 1.021487707 76.45 0.957550514 141.72 1.011174145 
103.38 0.979150664 71.6 0.896803359 138.38 0.987343199 
100.24 0.949410549 70.56 0.883777165 131.89 0.94103696 
110.65 1.048007554 69.6 0.871752986 132.53 0.945603369 
- 1 4 8 -
109.8 1.039956886 84.16 1.054119703 147.94 1.05555393 
122.9 1.164031888 95.92 1.201415897 153.41 1.094582455 
99.61 0.943443583 79.49 0.995627082 139.57 0.995833865 
96.54 0.914366465 79.62 0.997255356 139.43 0.994834964 
103.65 0.981707935 81.82 1.024810766 143.17 1.021519915 
108.79 1.030390798 89.98 1.127016289 147.73 1.054055577 
113.01 1.070359997 82.99 1.039465235 142.96 1.020021562 
108 1.022908413 102.72 1.286587166 151.29 1.079456226 
104.33 0.988148469 80.54 1.008778528 142.76 1.018594559 
109.07 1.033042783 73.72 0.923356755 140.18 1.000186224 
103.06 0.976119824 68.52 0.858225785 137.4 0.980350886 
89.91 0.851571254 68.38 0.856472259 134.18 0.957376142 
Average 105.581 79.83913 140.154 
Image6 124.2 1.195495235 88.84 1.240424721 144.58 1.048512371 
99.33 0.956107421 77.97 1.088652809 140.6 1.01964891 
97.81 0.941476562 60.57 0.845706049 128.16 0.929432463 
92.78 0.893059967 49.08 0.685277412 118.34 0.858216586 
98.47 0.947829435 76.46 1.067569498 139.29 1.010148625 
107.8 1.037635961 85.79 1.197839226 148 1.073314642 
99.87 0.961305227 73.93 1.03224448 140.84 1.02138942 
106.51 1.025218982 66.94 0.934646903 138.58 1.004999616 
99.27 0.955529887 68.29 0.95349622 138.23 1.002461372 
113.64 1.093849264 77.5 1.082090454 143.77 1.042638149 
110.4 1.062662431 86.74 1.211103561 149.43 1.083685182 
104.3 1.003946482 65.35 0.912446595 136.43 0.989407545 
95.15 0.915872558 60.96 0.851151407 128.28 0.930302718 
99.11 0.953989797 71.87 1.003481818 136.98 0.993396214 
110.25 1.061218597 72.95 1.018561272 141.07 1.023057409 
103.35 0.994802195 62.69 0.875306458 133.67 0.969391677 
Average 103.89 71.62063 137.891 
24hr 
Sample# 1 
Image# 1 148.18 0.875012253 150.04 0.878729579 141.56 0.892171191 
150.42 0.888239594 166.52 0.97524693 158.52 0.999060309 
157.64 0.93087415 158.52 0.928393847 152.37 0.960300399 
153.29 0.905187126 159.94 0.936710269 158.79 1.000761963 
178.36 1.053227058 161.91 0.948247841 148.85 0.938115865 
- 1 4 9 -
146.45 0.864796494 155.85 0.91275663 141.43 0.891351876 
157.44 0.929693137 153.83 0.900926227 153.27 0.965972581 
174.85 1.032500286 155.61 0.911351038 151.39 0.954124023 
170.92 1.009293388 154.86 0.906958561 150.48 0.948388817 
164.33 0.970379022 157.19 0.920604522 151.06 0.952044223 
172.84 1.02063111 165.57 0.969683127 150.66 0.949523253 
159.8 0.943629086 179.68 1.052320253 177.13 1.116348426 
197.87 1.168434839 166.85 0.97717962 156.56 0.986707557 
200.88 1.186209079 167.27 0.979639407 162.43 1.023702788 
158.93 0.938491682 158.36 0.927456785 154.01 0.970636375 
169.47 1.000731047 188.58 1.104444308 161.96 1.020740648 
180.08 1.063383767 190.5 1.115689048 176.46 1.112125801 
158.67 0.936956365 174.37 1.021221518 160.94 1.014312175 
153.86 0.908553012 168.3 0.985671741 154.13 0.971392666 
188.91 1.115525474 176.27 1.032349126 165.85 1.045257079 
157.17 0.92809877 170.21 0.996857915 161.22 1.016076854 
187.37 1.106431677 173.8 1.017883236 163.84 1.032589206 
213.71 1.261971039 191.55 1.121838515 162.84 1.026286782 
184.83 1.091432816 202.65 1.186847168 184.46 1.162545196 
141.25 0.834090166 168.67 0.987838697 152.61 0.961812981 
185.72 1.096688323 168.3 0.985671741 154.86 0.975993435 
149.4 0.88221643 176.05 1.031060666 157.91 0.99521583 
181.87 1.073953829 180.19 1.055307137 164.38 1.035992515 
172.31 1.017501426 170.28 0.99726788 159.04 1.002337569 
149.12 0.880563012 177.84 1.041544043 149.92 0.944859459 
206.42 1.218923129 201.32 1.179057843 188.37 1.187187675 
163.81 0.96730839 176.97 1.036448771 154.54 0.97397666 
184.02 1.086649715 167.69 0.982099194 154.35 0.972779199 
137.58 0.812418584 169.84 0.99469096 158.56 0.999312406 
Average 169.346 170.7465 158.669 
Image#2 119.47 0.736347342 109.67 0.721735376 124.89 0.780784536 
155.76 0.960018934 122.01 0.802944591 136.48 0.853242641 
150.1 0.925133808 154.39 1.016036517 167.49 1.047110272 
115.7 0.713111137 100.46 0.661124609 120.46 0.75308916 
153.36 0.945226655 154.35 1.015773278 169.66 1.06067663 
159.48 0.982946967 135.17 0.889550204 153.25 0.958084955 
180.55 1.112810854 147.02 0.967534741 158.78 0.992657287 
- 1 5 0 -
155.51 0.958478072 146.36 0.963191298 160.12 1.001034669 
139.15 0.857644034 132.71 0.873361009 143.5 0.897130121 
153.38 0.945349924 145.47 0.957334232 158.87 0.993219947 
140.29 0.864670366 135.29 0.89033992 146.75 0.917448399 
178.39 1.099497802 161.07 1.05999742 177.97 1.112628904 
179.14 1.104120389 134.52 0.885272571 149.24 0.933015326 
152.16 0.937830515 123.36 0.811828905 141.3 0.88337621 
160.05 0.986460134 155.19 1.021301295 153.51 0.959710418 
171.37 1.056230385 172.76 1.136929002 174.85 1.093123357 
203.56 1.254631832 149.19 0.981815454 159.72 0.998533958 
189.01 1.164953639 173.07 1.138969104 174.07 1.08824697 
187.01 1.152626739 175.03 1.151867812 174.91 1.093498464 
171.26 1.055552405 171.65 1.129624121 175.72 1.098562404 
181.8 1.120515166 170.39 1.121332094 168.97 1.056362903 
148 0.912190564 156.2 1.027948079 151.31 0.945956506 
175.79 1.083472833 178.96 1.177731038 172.08 1.075805932 
179.72 1.10769519 178.72 1.176151605 177.96 1.112566386 
150.2 0.925750153 162.23 1.06763135 168.93 1.056112832 
139.88 0.862143352 155.29 1.021959393 158 0.9877809 
146.53 0.903130293 156.3 1.028606176 159.32 0.996033247 
186.22 1.147757614 179.51 1.181350574 179.19 1.120256073 
184.96 1.139991667 170.9 1.124688391 167.62 1.047923003 
135.41 0.834592732 143.38 0.943579997 155.25 0.970588511 
186.44 1.149113573 159.93 1.05249511 178.42 1.115442204 
Average 162.247 151.9532 159.955 
Image#3 178.41 1.019391348 128.83 0.869541154 159.36 1.018580009 
206.04 1.177262448 160.3 1.081948669 189.57 1.211673019 
196.47 1.122581795 93.62 0.63189042 143.53 0.917399527 
142.02 0.811467738 77.27 0.521535706 124.05 0.792889371 
206.28 1.178633749 102.91 0.694593496 145.18 0.927945819 
159.82 0.913172609 95.33 0.643432106 137.03 0.875853531 
205.55 1.174462707 106.56 0.719229258 155.38 0.993141076 
195.58 1.117496552 100.58 0.678867106 153.56 0.981508196 
171.28 0.978652262 129.96 0.877168116 174.93 1.118098651 
183.79 1.050131359 136.52 0.921444992 177.34 1.133502628 
178.08 1.017505808 113.17 0.763843611 164.78 1.053222979 
132.23 0.75553006 97.9 0.660778382 137.32 0.877707121 
- 1 5 1  -
145.12 0.829180384 121.73 0.821619535 162.92 1.041334432 
193.82 1.10744034 105.11 0.709442449 152.94 0.977545347 
207.13 1.183490443 123.74 0.835186078 167.88 1.073037223 
163.47 0.934027821 90.66 0.61191183 133.31 0.852076437 
155.23 0.886946466 108.5 0.732323335 153.86 0.983425704 
158.35 0.904773387 94.89 0.640462315 141.59 0.904999645 
154.71 0.883975312 112.71 0.76073883 154.94 0.990328731 
160.48 0.916943689 93.92 0.633915277 140.36 0.897137864 
162.5 0.928485477 92.83 0.626558296 134.26 0.858148544 
161.92 0.925171498 120.04 0.810212839 158.12 1.010654311 
223.46 1.276796091 155.48 1.049415964 187.39 1.197739131 
142.94 0.816724395 133.59 0.901668887 165.67 1.058911584 
192.66 1.100812382 141.6 0.955732573 180.16 1.151527199 
191.01 1.091384683 116.52 0.786454516 165.22 1.056035323 
186.12 1.063444413 116.74 0.787939411 160.77 1.027592294 
144.94 0.828151908 82.6 0.557510668 135.19 0.864092818 
176.06 1.005964019 134.99 0.911118221 180.53 1.153892125 
Average 175.016 113.4 156.453 
Image#4 159.14 0.827090138 125.92 0.692572882 125.74 0.723762598 
196.18 1.019596226 173.01 0.951572699 168.96 0.972538004 
188.27 0.97848599 191.37 1.052554578 190.86 1.098594954 
160.94 0.836445186 179.37 0.98655335 175.38 1.009491685 
192.35 0.999690764 191.09 1.051014549 191.02 1.099515918 
205 1.065435958 191.31 1.052224571 187.07 1.076779619 
183.33 0.952811582 189.55 1.042544391 190.65 1.097386189 
196.58 1.021675125 186.17 1.023954046 182.02 1.047711692 
185.36 0.963361996 196.6 1.081320113 190.82 1.098364713 
162.99 0.847099546 174.03 0.957182804 167.55 0.964422009 
197.8 1.028015768 187.67 1.032204199 183.29 1.055021844 
191.29 0.99418168 174.05 0.957292806 162.77 0.936908209 
188.34 0.978849797 178.51 0.981823262 175.57 1.01058533 
178.4 0.927189146 184.96 1.017298922 173.46 0.998440117 
198.71 1.032745265 208 1.144021279 196.29 1.129850171 
200.92 1.044231184 205.7 1.131371044 188.1 1.082708325 
211.1 1.097139175 155.33 0.854330891 141.77 0.816031681 
202.08 1.050259992 181.81 0.9999736 163.12 0.938922817 
185.21 0.962582409 182.72 1.004978693 163.26 0.939728661 
- 1 5 2 -
239.48 1.244637089 193.67 1.065204813 179.27 1.031882623 
217.13 1.128478583 167.27 0.920002112 151.38 0.871347083 
Average 192.41 181.8148 173.731 
Image#5 145.57 0.966012704 169.82 1.172301866 179.94 1.058357904 
182.46 1.210817325 188.17 1.298975634 199.08 1.170934153 
153.47 1.018437657 134.54 0.928756878 158.74 0.933665298 
144.2 0.956921288 146.44 1.010904989 196.34 1.154818222 
178.57 1.185003013 118.58 0.818581765 155.49 0.914549686 
163.25 1.083338421 142 0.98025477 175.45 1.031948951 
144.54 0.959177552 115.98 0.800633438 152.67 0.897963217 
114.74 0.761422667 101.98 0.703988601 140.05 0.823735826 
151.48 1.005231878 123.95 0.855651963 159.32 0.937076699 
176.34 1.170204577 196.54 1.35675544 202.93 1.193578801 
178.39 1.18380852 198.29 1.368836044 205.11 1.206400966 
183.57 1.218183363 139.44 0.962582571 170.03 1.000069993 
166.53 1.10510473 157.54 1.087530538 173.17 1.018538614 
154.47 1.025073727 150.55 1.039277152 168.99 0.993952997 
127.93 0.84895243 140.88 0.972523183 160.88 0.946252193 
145.01 0.962296505 139.17 0.960718706 164.96 0.970249638 
173.91 1.154078927 131.79 0.909773071 163.4 0.961074144 
172.89 1.147310135 120.81 0.833975906 158.96 0.934959278 
145.35 0.964552769 142.78 0.985639268 169.86 0.999070099 
123.25 0.817895623 139.24 0.96120193 162.81 0.957603926 
118.78 0.78823239 137.59 0.949811646 158.34 0.931312607 
145.81 0.967605361 145.21 1.00241405 176.46 1.037889495 
138.08 0.91630854 145.13 1.001861794 169.26 0.995541063 
135.85 0.901510104 141.84 0.979150257 170.6 1.003422577 
135.03 0.896068527 130.7 0.90224858 163.78 0.963309201 
147.57 0.979284844 134.3 0.92710011 164.92 0.970014369 
130.4 0.865343523 140.5 0.969899966 156.66 0.921431306 
121.44 0.805884336 141.29 0.975353496 161.02 0.947075635 
153.29 1.017243164 165.23 1.140616166 180.01 1.058769625 
149.14 0.989703474 144.27 0.99592504 166.7 0.980483843 
170.13 1.128994582 166.12 1.146760016 184.63 1.085943203 
Average 150.692 144.8603 170.018 
Sample#2 
Image# 1 71.56 0.862334908 60.4 0.942500304 73.41 0.946643041 
- 1 5 3 -
101.92 1.228188566 57.12 0.891318168 70.47 0.908730896 
95.54 1.151306276 60.22 0.939691528 76.68 0.98881063 
106.02 1.277595681 65.5 1.022082283 84 1.083204133 
76.32 0.919695363 53.65 0.837171213 65.13 0.839870062 
91.12 1.098042996 67.97 1.060624928 86.87 1.120213608 
99.72 1.201677432 68.23 1.064682048 87.62 1.129885073 
114.94 1.385086282 84.96 1.325742149 105.76 1.363805585 
83.51 1.006338571 66.58 1.038934937 84.92 1.095067798 
71.99 0.86751663 54.36 0.848250273 64.15 0.82723268 
77.16 0.929817796 63.84 0.996179129 76.74 0.989584347 
74.62 0.899209486 51.45 0.802841732 64.8 0.835614617 
94.52 1.13901475 60.77 0.948273898 73.35 0.945869324 
81.08 0.977055818 48.28 0.75337607 61.63 0.794736556 
67.77 0.816663453 53.86 0.840448118 65.73 0.847607234 
78.38 0.944519425 53.86 0.840448118 64.66 0.833809277 
77.28 0.931263858 65.06 1.015216387 76.4 0.98519995 
114.97 1.385447797 69.32 1.081690746 76.6 0.987779007 
76.43 0.92102092 65.02 1.014592214 76.36 0.984684138 
80.18 0.966210354 65.26 1.018337248 77.56 1.000158483 
65.86 0.793646968 52.49 0.819070214 64.54 0.832261842 
69.87 0.841969536 63.05 0.983851724 74.57 0.961601574 
75.16 0.905716765 57.05 0.890225866 67.29 0.867723882 
88.53 1.06683216 78.11 1.218852628 97.18 1.25316402 
81.19 0.978381375 66 1.029884438 78.77 1.015761781 
80.72 0.972717632 68.75 1.072796289 85.71 1.105255075 
79.98 0.963800251 64.54 1.007102145 77.33 0.997192567 
96.99 1.168779524 73.84 1.152222225 84.71 1.092359787 
75.68 0.911983033 63.45 0.990093448 73.41 0.946643041 
77.2 0.930299817 81.35 1.269410591 94.2 1.214736064 
63.13 0.76074906 62.22 0.970900147 71.98 0.92820278 
81.27 0.979345416 71.39 1.113991667 83.65 1.078690783 
85.6 1.031524149 87.14 1.359759544 105.13 1.355681554 
76.81 0.925600116 63.59 0.992278051 76.84 0.990873876 
71.42 0.860647836 54.29 0.847157971 66.02 0.851346868 
Average 82.984 64.08486 77.5477 
Image#2 73.82 0.810290047 85.19 0.918058608 88.66 0.886692659 
117.15 1.285904619 116.06 1.25073227 124.47 1.244830085 
- 1 5 4 -
94.29 1.034980338 93.87 1.011599502 100.61 1.006205148 
80.48 0.883393972 94.81 1.021729506 105.95 1.059610729 
95.44 1.047603388 107.18 1.155036056 115.23 1.152420428 
103.81 1.139477239 92.26 0.994249175 97.54 0.97550194 
71.34 0.783068165 74.71 0.805119834 87.5 0.875091447 
92.51 1.015442052 102.98 1.109774334 108.26 1.082713144 
93.17 1.022686585 102.58 1.105463693 123.2 1.232128757 
83.49 0.916433433 93.24 1.004810243 102.56 1.025707186 
85.32 0.936520547 93.87 1.011599502 99.47 0.994803957 
82.53 0.90589593 87.14 0.93907298 90.66 0.90669475 
86.66 0.951229145 99.04 1.067314527 107.18 1.071912015 
98.77 1.08415535 82.75 0.891763703 88 0.88009197 
116.59 1.279757743 92.21 0.993710345 95.62 0.956299933 
86.78 0.952546333 95.74 1.031751745 99.18 0.991903654 
82.91 0.910067025 92.87 1.000822901 97.66 0.976702065 
80.79 0.886796707 81.22 0.875275504 90.34 0.903494415 
92.18 1.011819785 78.29 0.843700064 88.25 0.882592231 
83.18 0.913030698 83.65 0.901462643 90.87 0.908794969 
120.53 1.32300541 96.43 1.039187599 99.76 0.99770426 
82.53 0.90589593 95.37 1.027764403 98.8 0.988103257 
Average 91.1032 92.79364 99.9895 
Image#3 81.51 0.933128002 72.76 1.047262695 85.49 1.035426634 
83.58 0.9568254 74.56 1.073170788 84.32 1.02125598 
93.12 1.066039498 74.56 1.073170788 86.53 1.04802277 
92.95 1.064093335 69.58 1.00149173 82.48 0.998970508 
113.45 1.298777718 78.48 1.129592857 90.98 1.1019197 
90.21 1.032725764 57 0.820422947 71.15 0.861745292 
101.05 1.156822286 55.25 0.795234523 70.35 0.852055956 
75.86 0.868446696 52.38 0.753925508 64.6 0.782413856 
93.57 1.071191107 78.28 1.12671418 92.44 1.119602737 
85.46 0.978347675 77.92 1.121532562 94.33 1.142493793 
63.98 0.732444234 54.42 0.783288013 67.78 0.820928965 
70.02 0.801590267 56.35 0.811067246 71.43 0.865136559 
101.38 1.160600133 90.84 1.307495096 107.39 1.300672198 
89.12 1.020247424 63.03 0.907215058 74 0.89626355 
99.35 1.137360655 84.17 1.211491218 107.61 1.303336765 
85.34 0.976973913 69.03 0.993575369 80.69 0.97729062 
- 1 5 5 -
81.46 0.932555601 69.78 1.004370407 75.35 0.912614304 
78.73 0.90130251 59.24 0.852664129 69.09 0.836795252 
81.11 0.928548794 70.14 1.009552026 82.5 0.999212741 
89.77 1.027688636 78.13 1.124555172 87.99 1.065705808 
91.16 1.043601382 72.4 1.042081076 86.71 1.05020287 
79.55 0.910689885 70.18 1.010127761 83.22 1.007933144 
Average 87.3514 69.47636 82.565 
Image#4 77.57 0.930000916 62.42 0.940406378 71.13 0.945342259 
90.04 1.079506026 67.91 1.023117545 78.52 1.04355791 
89.44 1.072312517 61.48 0.926244539 71.56 0.951057107 
95.39 1.143648155 48.12 0.724965635 59.39 0.789313605 
74.54 0.893673692 60.41 0.910124148 75.47 1.003022357 
76.64 0.918850976 48.42 0.729485371 56.34 0.748778052 
69.21 0.829771347 59.83 0.901385992 70.13 0.932051914 
78.51 0.941270748 49.26 0.742140631 57.6 0.765523887 
72.35 0.867417381 54.3 0.818072194 61.53 0.817754944 
80.98 0.97088403 76.9 1.158558964 92.78 1.233078234 
65.12 0.780735589 44.62 0.672235383 55.37 0.735886418 
83.89 1.005772552 55.2 0.831631402 63.42 0.842873697 
100.09 1.199997314 74.62 1.124208971 83.55 1.110408347 
77.3 0.926763837 66.34 0.999464261 74.33 0.987871364 
82.52 0.989347371 62.1 0.935585327 67.82 0.901351216 
74.55 0.893793584 57.03 0.859201791 63.73 0.846993704 
89.2 1.069435113 92.85 1.398858254 98.64 1.310959657 
77.37 0.927603079 84.6 1.274565518 94.69 1.258462793 
69.88 0.8378041 70.16 1.057015564 76.73 1.019768192 
75.48 0.904943524 84.22 1.268840519 94.12 1.250887297 
80.72 0.967766842 64.53 0.972195188 70.08 0.931387396 
71.77 0.860463655 74.01 1.115018841 85.43 1.135394196 
94.57 1.133817025 100.12 1.508386521 113.9 1.513770326 
102.73 1.231648757 55.56 0.837055085 62.17 0.826260765 
93.34 1.11907033 92.01 1.386202994 95.33 1.266968614 
103.27 1.238122916 56.37 0.849258372 62.49 0.830513676 
105.56 1.265578145 68.75 1.035772806 75.3 1.000762999 
Average 83.4085 66.37556 75.2426 
Image#5 87.8 0.962071799 77.24 0.974900232 93.05 1.002295423 
90.98 0.996916768 69.89 0.882130725 79.5 0.856340528 
- 1 5 6 -
104.76 1.147911636 79.95 1.009105043 100.05 1.077696476 
118.71 1.300769285 91.07 1.149458365 106.07 1.142541382 
89.04 0.975659145 60.96 0.76941893 75.14 0.809376444 
123.58 1.354132493 73.42 0.926685332 89.25 0.961363423 
94.43 1.034720273 83.87 1.058582113 95.29 1.02642376 
92.42 1.012695622 82.05 1.035610616 91.27 0.983122013 
93.45 1.023981886 86.7 1.094301529 99.34 1.070048655 
95.36 1.044910783 76.39 0.964171785 89.68 0.965995202 
107.75 1.180674673 86.9 1.096825869 94.2 1.014682739 
113.33 1.241817733 98.46 1.24273274 116.72 1.257258698 
102.91 1.127640191 95.62 1.206887107 109.84 1.183150234 
70.45 0.771958522 58.8 0.742156054 69.84 0.752287076 
106.56 1.167635203 98.74 1.246266816 123.55 1.330828582 
82.72 0.906407508 86.25 1.088621763 99.04 1.066817182 
97.84 1.072085476 72.51 0.915199583 83.57 0.900180855 
73.1 0.800995996 69.93 0.882635593 80.29 0.864850076 
76.6 0.839347378 82.87 1.045960412 97.05 1.045381739 
90.78 0.994725261 87.85 1.108816486 97.5 1.05022895 
73.76 0.808227971 69.1 0.872159581 84.26 0.907613244 
98.36 1.077783395 97.66 1.232635378 110.41 1.189290034 
86.62 0.949141904 54.31 0.685484614 69.38 0.747332149 
94.21 1.032309614 82.28 1.038513608 93.32 1.00520375 
85.51 0.936979038 81.32 1.026396774 92.82 0.99981796 
74.07 0.811624808 69.12 0.872412015 85.1 0.916661371 
72.27 0.79190124 70.43 0.888946444 80.57 0.867866118 
77.06 0.844387845 85.28 1.076378713 102.01 1.098808771 
72.15 0.790586336 68.66 0.866606032 84.16 0.906536086 
Average 91.2614 79.22862 92.8369 
Image#6 83.88 1.13729101 104.33 1.358016881 115.2 1.319428481 
63.69 0.863543925 67.2 0.874712302 75.19 0.861179058 
57.14 0.774735435 61.27 0.797524148 68.83 0.788335611 
82.37 1.116817603 84.27 1.096904846 90.87 1.040767935 
82.16 1.113970308 73.77 0.960231049 86.73 0.993350974 
68.79 0.93269252 60.87 0.792317527 69.67 0.797956444 
63.34 0.858798433 60.34 0.785418754 72.53 0.830713088 
69.11 0.937031256 64.81 0.843602742 76.44 0.875495774 
79.71 1.080751865 87.9 1.14415493 97.09 1.11200791 
- 1 5 7 -
67.58 0.916286677 72.05 0.937842579 79.13 0.906305345 
82.04 1.112343282 91.02 1.184766573 101.98 1.1680149 
73.9 1.001976701 65.89 0.857660618 78.07 0.89416477 
70.42 0.954792954 72.52 0.943960359 86.21 0.98739522 
81.88 1.110173914 78.17 1.017503878 95.09 1.089101166 
89.42 1.212405366 102.5 1.334196591 116.49 1.334203331 
73.46 0.99601094 79.32 1.032472913 91.1 1.04340221 
73.01 0.989909593 79.36 1.032993575 88.45 1.013050774 
66.8 0.90571101 81.45 1.060198169 85.73 0.981897602 
72.63 0.984757345 72.64 0.945522345 84.1 0.963228605 
Average 73.7542 76.82526 87.3105 
- 1 5 8 -
